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RECODING IN A MEMORY SEARCH TASK! 


JAMES M. SWANSON, ? ARTHUR M. JOHNSEN, ann GEORGE E. BRIGGS? 


Ohio State University 


vt By using the M. I. Posner and S. W. 


Keele physical versus name identity 


conditions in S. Sternberg's stimulus-classification task, linear functions were 


obtained relating reaction time to positive set size w 
positive set items and the test item were of the same format (physical identity) 


hen (а) the memorized 


] and (b) also when they differed in format (associational or name identity). Тће 


slopes of these functions differed significantly 
It is suggested that a recodin 
for storage in active memory 
at, S can perform the comparison process 


item). 
central processing: When the items 
{ item are presented in the same form 


directly; but when the formats differ, each memory 


(90 msec/item vs. 121 msec/ 


g operation caused this slower rate of 


and the test 


item must be recoded into 


the format of the test item prior to the comparison process. 


Posner and Keele (1967) have shown that 
reaction time in a same-different task is 
Shorter when the two stimuli being com- 
Pared match on the basis of physical 
identity than when they match on the basis 
of associational (or name) identity; e.g. 

5 can respond "same" faster when two 
Capital “Аз” are presented as stimuli than 
When а capital A and a lowercase a are 
Presented. To account for this, Posner and 
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ational Science Foundation through Grant GN- 
1 from the Office of Scientific Information 
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his coworkers (Posner, Boies, Eichelman, 
& Taylor, 1969; Posner & Mitchell, 1967) 
have formulated a theory which is based 
on the construct "nodes of processing," 
a term which refers to the basis on which a 
match is made in memory. А physical 
identity match can occur at the first level, 
Node 1, on the basis of the physical cor- 
respondence between the two stimuli pre- 
sented; however, if the two stimuli are 
physically dissimilar, a match can still occur 
but now it is dependent upon a learned 
correspondence between the two stimuli. 
A match of the latter sort (an associational 
identity match) occurs at the second level, 
Node 2. In the physical identity condition, 
when two identical stimuli are presented, 
they are encoded and represented identi- 
cally in memory, so the comparison of the 
two stimuli can be made directly. How- 
ever, in the associational identity condition, 
when two physically dissimilar stimuli are 
presented for comparison, they are encoded 
and represented in different formats in 
memory, so at least one of the encoded 
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Tepresentations must be recoded for the 
two stimuli to be represented in the same 
format in memory. According to this in- 
terpretation, then, a recoding operation is 
the difference between the Node 1 and 
Node 2 match in the "nodes of processing" 
theory. 

Тће Posner and Keele (1967) results may 
be interpreted also in terms of Sternberg's 
(1967) model of character recognition, 
Sternberg identifies two Stages of process- 
ing: (а) stimulus encoding and (b) memory 
comparison. During Stage 1, informa- 
tion is extracted from the stimulus and an 
internal Tepresentation of that stimulus is 
formed. During Stage 2, the encoded 
version of the test stimulus is compared to 
memorial representations of alternative 
stimuli which could have been Presented. 

Given Sternberg’s (1967) model and re- 
sults of Posner and Keele (1967), one may 
ask what is recoded when an associational 
identity match is made. Is the input from 
Stage 1 (the encoded versi 
stimulus) recoded into t] 


lus, or is the 
€ target stimulus 
r of the test stimu- 
his question cannot be answered 


the same-different 
However, the Sternberg (1967) 
à way to specify 
1 ing Operation: On 
^| trial, д Positive set is defined by 
serially Presenting a given number (M) of 
stimuli to S + 

Presentation of the 
Set, a single test sti 
required to сја 


ized. 


| t nulus by 
making а positive Tesponse if the test 
stimulus 15 а member of the Positive set ог 
a negative response 


otherwise, 
Sternberg's (e.g., 1969, 


М and reaction time 
related, 


а) data Show that 
(RT) are linearly 


perations 
mentioned before: stimulus encoding and 


memory comparison. Since only one test 
stimulus is presented on each trial, the 


stimulus encoding operation occurs only 
once regardless of the size of the positive 
set. Thus, the time taken to encode the 
test stimulus is constant across M and 50 
it is included in the intercept of the КЛ 
memory load equation. But, according to 
Sternberg's theory, the memory com- 
parison operation consists of successively 
and exhaustively comparing the encoded 
test stimulus to each of the memorized 
positive set items, This operation occurs 
once for each item in the positive set, and 
thus the time for one comparison deter- 
mines the Slope constant b of the RI 
memory load additivity statement. Since 
a same-different task requires one encoding 
and one comparison operation on each 
trial, the encoding and comparison times 
cannot be separated as in the Sternberg 
methodology, 

Consider the difference between the 
physical and associational identity match 
Conditions of Posner and Keele (1967) in 
light of Sternberg's methodology. If, in the 
associational identity condition, recoding 
takes place in Stage 1, then only one re- 
coding operation is required (the single test 
stimulus is recoded), and the predicted 
difference jn the RT functions for the 
Physical and associational identity condi- 
tions would be with regard to the intercept 
On the other hand, if the re- 
coding operation takes place in Stage 2, 
recoding operation for 
memory item js required, and the predicted 
difference in the RT functions would be 
with regard to the slope constant b. If no 
recoding is necessary on the trials when the 
format of the test item differs from the 
format of the memory items, or if the same 
quired on every trial, 
8 for the two condi- 


each 


those made available by 


; Vanderplas, Sanderson, and 
anderplas (1965). 


day of the experi- 
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Peis wee random forms were separated into 
Ос S t forms each, and the forward associa- 
S s c E lists were learned. On the learning 
Er orm was back projected alone on a 
iie Vu ass screen before S. Two seconds after 
M. its dus presented, its assigned name appeared 
гуга fi "hs an additional 2 sec. А 2-sec. blank 
Mas barn + owed each S-R pair. Each list of 8 
aa ed to a criterion of two consecutive perfect 
ae the second session, the two lists were 
Museos and the single list of 16 form-name pairs 
Moseribed а using the same procedure and criterion 
earnin above. Als а backward-a ssociation 
This ud procedure was ini ated during this session. 
aces of presenting each of the 16 names 
atten ally for 4 sec., and during this time, 5 
Apted to point to the appropriate one of the 
а bie eet ona sheet which was located on 
Would a efore him. Then the appropriate form 
a ditio bed on the Screen beside the name for an 
se nal 2 sec. to provide feedback concerning the 
aw aa of the response. ү During the remainder of 
а week (three additional sessions), both the 
aid 5 pend backward associations were practiced 
the list hly overlearned. In each of these sessions, 
D Ne 16 form-name pairs was presented and 
associa until both the forward and backward 
Sani ations could be recited to a criterion of three 
Dsecutive errorless trials. 
ae experimental task was introduced on the 
оро зна of the second week. Тһе Sternberg 
a USA S tec procedure was used to present, on 
Soins al display, either one, two, or four random 
d ог one, two, or four, two-digit numerals 
ма as positive set items to be maintained in 
ithe, erm memory. The S then was tested with 
Positiv random form or à two-digit numeral. A 
Mate} € response was required (a) if the test item 
3 Rent a memory item on the basis of physical 
ог ity (both items were the same random form 
Went same two-digit numeral) or (b) if the test 
joe енед a memory item on the basis of associa- 
ot "m identity (one was a random form and the 
Spons was the name of that form). A negative re- 
of was required if the test item matched none 
i EE memory items either on the basis of physical 
ity or associational identity. 
uring the second week of the experiment, each 
erformed in the stimulus-classification task for 
ssions. The first session was considered to be 
collected йт the data to be reported below were 
аре ed during the remaining four sessions. Each 
ој n involved 96 trials. Each trial consisted of 
the Beer ane signal (the word “ready” appeared on 
m splay), (b) the visual presentation of the 
тогу items one at a time for 2 sec. each, followed 
ае plank interval, (c) another warning (the 
SEES Крга оп {һе display), and (d) 
Wu манов of the test stimulus for 2 sec. 
us PS Sith the onset of the test stimulus 
to make pe 1 when 5 pressed one of two buttons 
s positive or negative response. The E 


recorded the a 
ü accuracy of e + 
action time. y of the response and the re- 


SS 


Design.—A_repeated-measures design was used 
in which each S emitted 16 responses in each of the 
24 conditions defined by the factorial combination 
of the four variables: (a) type of match (physical 
or associational identity), (b) format of the test 
stimulus (random form or two-digit numeral), (c) 
memory load (one, two, or four items in the positive 
set), and (d) response type (positive or negative). 
Across the 4 days of data collection (a total of 384 
trials), counterbalancing of stimulus materials was 
employed such that in each of the 24 conditions, (a) 
each of the 16 random forms and the 16 two-digit 
numerals was presented once in each of the serial 
positions of the several positive sets, (b) each of the 
16 forms and the 16 numerals was presented once 
as a test item, and (c) when a match occurred, the 
matched memory item was presented originally 
equally often in each serial position. The 384 trials 
resulting from the above design and counterbalanc- 
ing procedure were divided into four blocks of 96 
trials by randomly selecting 4 of the trials from each 
of the 24 conditions to assign to each of the four data- 
collection sessions. The 96 trials in each session 
were then randomized with the restriction. that 
there were no runs greater than 4 of the same 
memory load condition or of the same response type. 

It is important to note that the presentation for- 
mat of the memory items and the presentation 
format of the test item were independent; therefore, 
on each trial of the experiment, 5 was uncertain as 
to what would be the format of the test item after 
the memory items had been presented. 

Apparatus.—Each of the 16 random forms and 
two-digit numerals used as stimuli were photo- 
graphed separately on 35-mm. film and mounted 
in2 X 2 slides. Two Kodak КА-950 random access 
projectors were used alternately to present the slides. 
Тће visual angle subtended by the stimuli was 99 
A Hewlett-Packard 52236 timer was used to record 
the time elapsing between the onset of a test stimu- 
lus and S’s response. The response was made on a 
panel containing two buttons on which 5 rested his 
right and left index fingers. The two buttons were 
marked yes and No to provide a positive (match) 
and a negative (no-match) response, respectively. 
The assignment of buttons to right and left fingers 
was alternated across (not within) the 25 Ss. The 
S wore headphones and a boom microphone by which 
he could communicate with E. When not in coni- 
munication with E, 5 heard white noise at 75 db. 
This noise served to mask extraneous sounds from 
the immediate laboratory area. 


RESULTS 


A mean reaction time (RT) was calcu- 
lated for each S on the basis of his correct 
responses in each of the 24 experimental 
conditions described above, and these 
scores were used as the basic data in the 
analyses of variance. To be consistent 
with Posner and Keele's (1967) treatment 
of the data, positive and negative responses 
were analvzed separately. The group 
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^ TABLE 1 
VERAGE REACTION TIME (IN MSEC.) 
= а Pence ce or ERRORS 
RT 
Type of match 
M=1 М => M=4 
Physical * 2 
F-F match 953.2 1096.7 1241.5 
oO (30) | (50)| (425) 
No match 9740 |1162.3 1368.5 
(2.75) (1.25) (6.50) 
N-N match 819.6 878.2 1077.9. 
(3.00) (3.25) (7.75) 
No match 874.9 971.2 1141.9. 
(2.25) (75) (3.25) 
Associational 
-N match 778.4 909.9 1137.5 
Q.25)! (4.00)| (750) 
No match 890.4 1043.3 1207.6 
(1.50) (3.50) (4.50) 
N-F match 985.8 1152.9 1365.5 
(3.00) | _ (4:00) (11.00) 
No match 1022.3 1197.3 1433.3 
(4.25) (.50) (7.75) 


Percentage of 
set size, 


average RTs and percent; 


the 24 conditi 


accounts for 95 


findings of 
(19 and Sternber 


8), and the line; 
% of the va 


memory load Variable 4 


“Apparently the 
ship between RT 
the format of the 


was presented as 
from M — 2 to 
the increase from 


a linear relationship 
description (та = 
relationship. However, 
presented as a test stimulus, 


M = 2 to M = 4 


data than a linear relations 
sidered, either functional 


form of th 
and memo, 
test stimu 
à test stir 


.9980 


Posner 
g (1966) 

vsical identity I 
an associational 


1.2 times 
ltoM =2; 


he function, 
ry load 


slight! 
VS. ros = .9882) 
when ; 


N = numeral, 
M = positive 


ages of error for 
їп in Table 1. 

positive response 
and Keele 
Were repli- 
matches are 


identity 

ce of 44 

his vari- 

Pax 201. Second, 
cally with M, F 
ОД Strong linear 
ar memory load, 7 


аг component 
папсе of the 


al relation- 
depends upon 


lus, When а numera] 
mulus, the į 


= 4 was 1.8 
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The interaction of these two variables 
(Type of Match X Memory Load F (2, 48) 
= 12.0, p < .01) indicates that the profiles 
of the RT memory load functions for the 
physical and the associational identity con 
ditions are not parallel. The Format o. 
Test Stimulus X Type of Match X Mem- 
ory Load interaction did not attain signifi- 
cance, F (2, 48) = 1.07, indicating that 
the difference in slope for the physical and 
associational identity conditions was the 
Same when a random form was presented 
as a test stimulus as when a two-digit 
numeral was presented as the test stimulus. 
The best-fit linear equations are shown in 
Fig. 1. 

Taken with the significance of the format 
of test stimulus main effect, these results 
indicate that the intercept of the RT 
memory load function is dependent upon 
format of the test stimulus (names are en- 
coded more quickly than forms), and that 
the slope, regardless of the test stimulus 
format, is dependent upon whether a 
physical ог an associational identity match 
Was made (physical identity comparisons 
are made more quickly than associational 
identity comparisons). 

It is interesting to note that the slope 


good fit for these data, but since only three levels of 
M were used, it is difficult to establish which func- 
tional relationship is the best. But since the ditler- 
епсе in profiles for the Physical and associational 
identity conditions, regardless of the form of the 
functional relationship between RT and memory 
load, is the Critical difference that localizes an effect 
in Stage 2 (see Smith, 1967, and Sternberg, 1969a), 
this ambiguity concerning а log versus a linear 
Critical. If a logarithmic func- 
ationship between RT and memory load is 
vas presented as a test 
memory functions Presented below 


are obtained : 


RT = ,780 + .352 (He) Physical ID 


RT = ,796 + .398 (He) associational ID, 
where He js a 


1 Shannon (log) Statement of central 
Processing uncertainty developed by Swanson and 
Briggs (1969 


riggs From the above statements of addi- 
tivity in reaction time 


on the basis of a line: 


ar relationship is also reached 
a logarithmic relationship: the differ- 
ysical and associational identity con- 
€ slope of the RT memory load func- 
г form of the functional relation- 
and memory load provides a good 
e basic conclusions drawn in ће 
ег as shown above, linear functions 
oughout this article. 
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for the two physical identity conditions are 
nearly equal: 6 = .088 sec/item for the 
name-name (NN) condition and b = .093 
sec/item for the form-form (FF) condition. 
The slope for the FF condition is consistent 
with data from other experiments in which 
random forms were used as stimuli: Briggs 
(1969) obtained the RT memory load func- 
tion RT = .602 + .092 (M) using eight- 
sided random forms. The slope for two- 
digit numerals differs substantially from the 
40 msec/item usually obtained by Sternberg 
When one-digit numerals are used. То in- 
vestigate the obtained equality of slopes 
between random forms and numerals fur- 
ther, a study was conducted to see if (a) 
the slope for two-digit numerals could be 
Teplicated and (b) the slope for numerals 
Was dependent upon the number of digits 
Per numeral.’ One-digit, two-digit, and 
three-digit numerals were used. The re- 
action time functions obtained are pre- 
Sented below: 


RT = ,392 + .043 (M) one-digit numerals 
RT = „360 + .083 (M) two-digit numerals 
RT = 380 + .114 (M) three-digit numerals 


Џ 


| These data suggest that the slope of the 
RT memory load functions when numerals 
are used as stimuli is dependent upon the 
number of digits per numeral—the slope 
Seems to be about 40 msec. per digit for all 
three numeral sizes used. This suggests 
that the equality of slopes for random forms 
and names (numerals) was merely a for- 
tunate occurrence due to the choice of two- 
digit numbers as names for the forms. 
lowever, the equality of slopes for forms 
and names is not the important aspect of 
the present set of data: The important 
relationship is the difference in slopes (re- 
Sardless of the format of the test stimulus) 
ог the physical and associational identity 
Conditions, and this difference remains 
€ven in the light of data from the control 
€xperiment. 
. As indicated above, the slopes obtained 
in the present experiment when the format 
of the test stimulus was uncertain on each 
trial were close to the slopes obtained for 
* This study was conducted by Paul Noel at the 
University of Texas, Austin, to partially fulfill re- 
quirements for a master's degree. 
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both two-digit numerals and random forms 
when the format of the test stimulus was 
certain (and the same) on each trial. But 
the intercepts of the RT functions differed 
substantially: 360 msec. versus 719 msec. 
for numerals and 602 msec. versus 881 
msec. for random forms. This compari- 
son suggests that the introduction of 
format uncertainty drastically affected 
(lengthened) Stage 1 (encoding and pre- 
processing) time and had essentially no ef- 
fect on Stage 2 (memory comparison) time. 

In the analysis of the negative response 
data, the main effects (a) type of match, 
F (1, 24) — 23.9; (b) format of test stimu- 
lus, F (1, 24) = 85.1; апа (c) memory load, 
F (2, 48) — 223.3; were significant just as 
in the positive response data. 'The Type 
of Match Х Memory Load interaction 
however, failed to obtain statistical signifi- 
cance, F (2, 48) = 1.3, indicating that the 
profiles of the RT memory load functions 
did not differ significantly in slope. This 
suggests that either (а) recoding did not 
take place in the associational identity con- 
dition or (b) that recoding took place in 
both the physical and associational identity 
conditions. 

The memory functions for positive and 
negative responses separately in the phy- 
sical and associational identity conditions 
are given below: 

RT (sec.) = .800 + .090 (M) 
Positive physical identity condition 


.C- 


RT (sec.) = .830 + .108 (M) x 
Negative physical identity condition 

RT (sec.) = .772 + .121 (M) а 
Positive associational identity condition 

RT (sec.) = .865 + .119 (M) g 
Negative associational identity condition. 


If the difference in slope for positive and 
negative responses is taken Гог these four 
functions, a difference of 2 msec/item is 
obtained (ог the associational identity 
condition, while a difference of 18 msec/ 
item is obtained for the physical identity 
condition. Why should the positive and 
negative functions differ so much more 
for the physical identity condition than 
for the associational identity condition? 
Posner and Keele (1967) made an interest- 
ing assumption about negative responses in 
their same-different task: If a match can- 
not be made on the basis of physical 
identity, then a check is made on the basis 
ОЁ a8sociational identity before а negative 
response is emitted, The data in the pres- 
ent experiment Support this assumption. 
Apparently, if a match does not occur in 
the physical identity condition, а check 
involving recoding is made, Since recoding 
15 a Stage 2 operation, this produces a 
change (increase) in the slope of the RT 
memory load function based on the nega- 
tive responses for the physical as well as 
the associational identity conditions, 

In the analysis of the error data, the pri- 
Mary trend was for error rate to increase 
i memory load, F (2, 48) = 27.6, 
2 < .01.* The Type of Match x Memory 
Load interaction was significant, F (2, 48) 
= 6.16, р < :01, as it was in the analysis 
of the RT data. Since the difference in 

across memory load for the associa- 
tional and the physical identity conditions 
is the critical difference in the present ex- 
periment, the Significant Type of Match 
X Memory Load effect in the error analysis 
is of concern because this Possibly could 
modify the interpretation of the Туре of 
Match x Memory Load effect in the RT 
data. However, as Table 1 Shows, the dif. 
lerence in error rates for the associational 
and physical identity conditions is in the 
slope of the error rate-memory load func- 
tion, and the incre. 


ase in error rate across 
memory load is gre 


ater in the associational 
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identity condition than in the physical 
identity condition. Thus, any correction 
of the RT data on the basis of errors would 
increase the slope of the RT memory load 
function more for the associational identity 
condition than for the physical identity 
condition. The differences in reaction time 
in the associational and physical identity 
condition, then, are not artifacts due to 
differential error rates; rather, the differ- 
ential error rates have worked to make the 
difference in those two conditions seem 
smaller than they actually would be under 
ideal (equal error) circumstances. 
e, 
Discussion 

The difference in the physical and associa- 
tional identity conditions was interpreted in 
the introduction as a recoding effect. The 
results of the present experiment localize this 
recoding effect in the slope of the RT memory 
load function. The slope of this function is 
interpreted as central processing time; thus 
when recoding was required for a match to 
occur, central processing time slowed from 90 
msec/item (the slope of the RT memory load 
function for physical identity matches) to 121 
msec/item (the slope of the RT memory load 
function for associational identity matches). 
It follows from the predictions made earlier 
on the basis of Sternberg's (1966) methodology, 
then, that the recoding effect is localized in 
Stage 2 of the Sternberg (1967) model of hu- 
man information processing. This suggests 
that when the format of the encoded test 
stimulus representation differs from the format 
of the memorial representations of the one, two, 
or four positive set items, the severa] memorial 
representations are recoded into the format of 
the single test stimulus before the comparison 
at Stage 2 is made. 

Why should the several memorial representa- 
tions be recoded rather than the single test 
stimulus? As Sternberg (1967) has pointed 
out, identification of the test stimulus is not 
necessary for ascertaining the presence or ab- 
Sence of that stimulus in a memorized list of 
stimuli (the POSitive set). If the test stimulus 
were to be recoded, it would have to be identi- 
fied (What stimulus has been presented ?) 

efore it could be recoded (What is the alter- 
native representation of the identified stimu- 
lus?). Apparently, recoding the one, two, or 
four memoria] representations is more efficient 
than identifying and recoding the single test 
stimulus, These data also indicate that s 
Node 2 match may not be a "name" match 
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as suggested in Posner and Mitchell (1967) 
since naming would require identification of 
the test stimulus. For this reason, the label 
associational identity” is preferred to the 
term “name identity.” 

This result could be due to the size of the 
stimulus ensemble used in the present experi- 
ment. Itis well established (see Smith, 1968) 
that identification time is a function of stimulus 
Uncertainty. Stimulus uncertainty in the 
present experiment was determined by the 16 
two-digit numerals and the 16 random forms 
Used as stimuli, and the size of the stimulus 
ensemble (stimulus uncertainty) remained con- 
Stant across trials. Thus, the time it would 
take to identify the test stimulus should not 
vary across trials. Now, the uncertainty 
associated with the positive set did vary from 
trial to trial, and so recoding time should vary 
With AM. Therefore, a comparison of the time 
1t would take to identify the test stimulus and 
the time taken to recode the several memorial 
representations is not a comparison of the rate 
of recoding and the rate of identification. This 
Comparison cannot be made in the present ex- 
Periment because the rate of identification 
Cannot be estimated. 

The rate of recoding can be estimated, how- 
ever, by comparing the central processing 
limes for the recoding (associational identity) 
and no-recoding (physical identity) conditions. 

he difference in central processing time in the 
Present experiment for those two conditions 
мее Fig. 1) was 31 msec/item of memory. 
nhe reciprocal of this difference (32 items/sec) 
is interpreted as the rate of recoding, and it 
x the same when random forms are being 

*coded as when numerals are being recoded. 
S the memorial representations are recoded 

© the format of the test stimulus, the format 
Of the test stimulus must be determined prior 
to recoding. For this reason, it is necessary 
to assume that the test stimulus is analyzed 
їп Stage 1 to the extent that some global 
aspect—such as its format—is recognized. 
Neisser (1967) identified this type of gross 
analysis as preprocessing, and Sternberg (1967) 
has identified preprocessing as a Stage 1 opera- 
tion, Also, since recoding takes place only on 
the trials when the formats of the memorized 
Positive set and the test stimulus differ, one 
can assume that a format comparison takes 
Place to ascertain whether the formats are the 
same or whether they differ. This would be a 
Stage 1 (preprocessing) operation. 

There are alternative explanations of these 
data, of course. Опе is based on the assump- 

6 The first author would like to thank Richard 
Wilton for suggesting several alternative explana- 


y —* 


tion that the test stimulus is recoded but only 
after a scan of the memory items has been 
attempted and has failed using the original 
(physical) representation of the test stimulus. 
Then another scan of memory would be 
attempted using the recoded version of the test 
stimulus (thus making it a Stage 2 effect), and 
this second scan would be required on associa- 
tional identity trials and on negative response 
trial. This would account for the observed 
differences in slope. А similar explanation 
is based on the hypothesis that dual representa- 
tions of the test stimulus are formed upon 
presentation, and that the representation in 
the same format as the memory items is tried 
first during the comparison process. If that 
fails, then the alternative representation is 
tried. Again, a second scan of the memory 
items would be necessary on associational 
identity and negative response trials, and this 
would account for the increase in slope ob- 
served for the associational identity and nega- 
tive response conditions. Both of these ex- 
planations are viable, but both are based 
on the assumption that the test stimulus is 
identified before scanning takes place. This 
makes them less appealing than the earlier 
explanation offered because of the arguments 
presented above concerning identification of 
the test stimulus prior to the comparison 
process and because it is inconsistent with pre- 
vious data in the memory scanning literature 
(see Sternberg, 1967). 

The above results suggest that Stage 1 
accomplishes not only stimulus encoding, but 
also a preprocessing function of format 
recognition and comparison. Thus, there are 
two outputs from Stage 1 which become inputs 
to Stage 2: the encoded version of the test 
stimulus and the format information. Before 
either recoding or comparison can take place, 
the format information must be processed to 
determine whether the memory items are in 
the appropriate format for comparison to the 
encoded, but still unknown, stimulus. This 
interpretation follows Posner and Mitchell's 
(1967) suggestion that the TOTE (test- 
operate-test-exit) concept of Miller, Gal- 
lanter, and Pribram (1960) be used to interpret 
RT data in human information-processing 
со н ТОТЕ unit involves a comparison 

à specified goal and the present state 
of the organism. The goal in this case is to 
have the test stimulus representation and the 
memory representations in the same format. 
If a test is made (a format comparison) and it 
fails, then recoding takes place. Since recoding 


tions of these data including the two presented 
herein. 


OT 


is an operation which results in the goal being 
attained, this routine (recoding) is exited and 
a new routine (central comparison) is entered. 
Central comparison, then, would consist of 
comparing the test stimulus representation to 
the memorial representations (which are ај- 
ways in the same format due to the Stage 1 
operations) to ascertain whether the test 
stimulus is one of the memorized items com- 
posing the positive set. 

It should be emphasized that the data from 
the present experiment suggest that Ss did 
not recode random forms (presented as positive 


the test stimulus was presented. This assump- 
tion has been made by Klatsky and Atkinson 
(1970) and Klatsky, Juola, Atkinson 
(1971) concerning data obtained in their ex- 
periments which had conditions similar to the 
i f the present study. 
The addition of the FF and FN (see Table 1) 
tional relevant data. 
Suggested above had been 
ould have 
nce functionally the memo- 


€ test stimulus was а random 
orm and never when the test stimulus was a 
two-digit numeral. This clearly was not the 
Case since (а) the recoding effect was obtained 
1n the associational identity condition when a 
Name was Presented as a test stimulus and (b) 
the Tecoding effect was not obtained in the 
physical identity condition when а form was 
presented as а test stimulus, 


Я These results are consistent with the data 
тота cross-modality stud reported by C] 
and Calfee (1969, Exp. n. d eom 
letters Were presented to Ss either auditorily 
or visually. Then ап auditory or visual test 
stimulus was presented, е associational 
identity condition Occurred When the Positive 
set items and the test stimulus Were presented 
in different modalities, anq the physical iden- 
tity condition obtained When t 

sented in the same modality, 
the Chase and Calfee study sh 
difference in the cross-modalit 
identity) condition and the 
modality (physical identity) conditi 
the slope of the RT 
This indicates that a 
in the present study) and а 
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modality (as in the Chase & Calfee study) 
have a similar effect on the functions relating 
RT to memory load. > 

Originally (see Posner & Keele, 1967; 
Posner & Mitchell, 1967), an integral part of 
Posner's “nodes of processing" theory was that 
the memorial representation of a visually pre- 
sented stimulus was recoded to and preserved 
in a name code. This assumption was based 
оп research by Sperling (1960) and by Aver- 
bach and Coriell (1961) which identified 
"iconic" memory (see Neisser, 1967) as ex- 
tremely labile and short-lived. Visually pre- 
sented stimuli were assumed to be recoded 
and stored in a name code because visual in- 
formation presumably is subject to a fast rate 
of decay and is lost within a very short time 
(less than 1 sec.). 

In several studies (Chase & Calfee, 1969; 
Posner et al., 1969; Posner & Mitchell, 1969) 
it has been assumed that the Node 2 or name 
code is auditory in nature and, as a result, 
cross-modality experiments were conducted to 
investigate such associational identity matches. 
Even Tversky (1969), who used exclusively 
visual presentation of stimuli, assumed that 
certain kinds of visually presented stimuli 
(verbal stimuli) are dealt with in an auditory 
code, while other kinds of visually presented 
stimuli (pictorial stimuli) are processed within 
a visual code. The data from several recent 
studies show the inadequacy of the viewpoint 
that associational identity matches are made 
on the basis of auditory representations of the 
stimuli being compared. For example, Posner 
et al. (1969) and Tversky (1969) have shown 
that visual information can be preserved (or 
even generated) by Ss who expect a visually 
Presented test stimulus, 

In the present experiment, 
tively long intervals between 
potentially 
Item. 


there were rela- 
presentation of a 
matching target item and the test 
i À minimum interval of 5 sec, occurred 
in the M = 1 condition, and the maximum 
interval of 12.5 sec, occurred in the М = 4 
Condition when the first item presented as a 
Positive set item Was the matching item. 
Despite these long intervals, the data in the 


Present study Suggest that 5 used a visual code 
to Store or maintain the 


j : "If only the name of 
T 1$ present in Store, it should make no 
the new letter has 
On the other hand, 
Visual information was used in the match, 
on time should be much faster when the 


the same hysical form. 
if full Physical form 


reacti 
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input matches the stored code in physical form 
[p. 1].” Since a recoding effect was observed 
both when random forms composed the posi- 
tive set and when numerals (names) composed 
the positive set, one can conclude that ‘‘full 
visual information" was used in the matching 
process in the physical identity condition for 
names as well as for random forms. The data 
from the generation experiments of Posner 
et al. (1969) and Tversky (1969) suggest 
the recoding that takes place in the associa- 
tional identity condition consists of generating 
the alternative visual representation of the 
Stimulus in memory. Thus, it is suggested 
that in the present experiment, visual infor- 
mation was used in the comparison process 
both in physical and associational identity 
Conditions. It is not suggested, however, that 
this visual code is “iconic” in nature. Rather, 
Itis suggested that the labile iconic representa- 
tion of a visually presented stimulus can be 
recoded into a longer lasting visual code as well 
as into a long-lasting auditory code as orig- 
inally suggested by Sperling (1967). Results 
тот a similar experiment have led Cruse and 
Clifton (1971) to make the same suggestion 
Concerning visual information processing. 

It should be noted further, however, that 
uring a postexperiment debriefing, 55 ге- 
Ported using the "names" (two-digit numerals) 
and an auditory rehearsal strategy to maintain 
the positive set stimuli in active memory. 

Ррагеп у, as Sternberg (1967) suggests, an 
Auditory rehearsal strategy can be used by Ss 
to maintain or preserve the availability of 
Visual representations of stimuli in active 
(not iconic) memory. Despite this auditory 
Tehearsal strategy, the data of the present 
€xperiment indicate that the modality (or 
Code) associated with the comparison process 
Was visual. 
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Sults of several Previous studies could 
equally have been interpreted as showing 
that some areas of the color space have a 
particular “distinctiveness.” 
. The basic language-cognition hypothesis 
15 that differences in the way natural 
languages code a domain are reflected in 
the way in Which speakers of those | 
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(cf. Whorf, 1950). Psychological language- 
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University 


areas of the 
hich are universally the most linguisti- 
remembered. Experiment I completed 
rs on the dimensions of hue, value, and 
3 different languages named a sample of 
III, 20 English speakers and 21 New 
e which lacks hue names, remembered 


ask. The results were 
5t names and named most rapidly across 
recognized both by English and Dani 
5 with fewest errors. On the basis 


nterpretations of earlier language- 
llenged. 


nonlinguistic behaviors that could serve as 
an independent measure of cognition; the 
major group of studies obtaining positive 
results have used color as the nonlinguistic 
domain, color naming as the linguistic 
variable, and recognition memory as the 
cognitive measure. 
Brown and Lenneberg 


(1954) found that 
the “codability”’ of 


a color (a composite 
measure of agreement in naming, length 
of name, and Tesponse latency in naming) 
correlated with memory accuracy (the ac- 
curacy with which a color could be remem- 
bered in a recognition task). A reasonable 
interpretation (cf, Krauss, 1968) has been 
that the more codable colors were better 


remembered, particularly under conditions 
of delayed recognitior 


of the greater e 
be linguisticall 


stored in 
memory, 


the correlation be- 
memory did not hold 
Brown and Lenneberg's 
те all highly saturated, 
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ation between codability 
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performed using Farnsworth- 
| 7$, an array of uniform low 
Saturation (Burnham & Clark, 1955; 
arnsworth, 1949; Lenneberg, 1961). Len- 
neberg attempted to explain this non- 
replicability by the argument that the 


particular array used by Brown and 
10 


u 


| 
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Lenneberg (1954) happened to include a 
few easily named colors mixed with many 
innominate colors, thus allowing "nama- 
bility" to function as a distinctive cue. 
However, it is a factual matter that it is 
impossible to balance the number of easily 
named and innominate colors in a highly 
saturated array of Munsell colors, such as 
Brown and Lenneberg's, without using 
namable colors that are perceptually closer 
to each other than the innominate colors. 
The distinctiveness of codable colors in a 
saturated array representative of the color 
Space appear to be an inherent, not acci- 
dental, aspect of such an array. 

In apparent contradiction, a second lin- 
guistic variable—communication accuracy 
—was found to correlate with memory 
regardless of stimulus array (Lantz & 
Stefflre, 1964; Stefflre et al., 1966). This 
line of research, although quite relevant to 
the relation between interpersonal and 
intrapersonal communication, is not, how- 
ever, relevant to the relation between a 
linguistic domain and the nonlinguistic 
domain which it encodes (Lenneberg, 1967). 

‚ More explicit evidence for color distinc- 
tiveness was provided by the recent work 
of two anthropologists (Berlin & Kay, 
1969), Using foreign students as inform- 
ants, Berlin and Kay first elicited, with 
no color stimuli present, the basic color 
terms in the informant's native language, 
"basic" terms distinguished from secondary 
terms by linguistic critera. The informant 
was then asked to pick the best example 
of each of his basic color names from an 
array of all hues and values (brightnesses) 
in the Munsell Book of Color, each at 
maximum saturation available for that 
hue and value. (Note that this was not a 
coding task; informants were never asked 
to name color stimuli). Berlin and Kay 
found: (a) that there was a limited number 
of basic terms in any language, at most 
three achromatic and eight chromatic, ard 
(6) that the chips designated as best ex- 
amples of these basic terms tended to fall 
into "clusters." One cluster of best ex- 
amples included chips close to the chip an 
English Speaker gave as the best example 
of “red,” another cluster close to the best 
example of “green,” and similarly for each 


other “basic” color term (‘‘yellow,” “blue,” 
“brown,” “pink,” “orange,” and "purple"). 
Berlin and Kay called these best examples 
of color terms "focal points" and argued 
that the previous anthropological emphasis 
on cross-cultural differences in color names 
was derived from looking at boundaries 
of color names rather than at color-name 
focal points. 

In language-cognition research, when 
correlations were found between an aspect 
of language and cognition, interpretations 
tended to credit the linguistic variable with 
a causative role in the cognitive perfor- 
mance. The finding of such correlations 
does not logically imply that there need 
be cross-cultural differences; however, if 
both variables were invariant across lan- 
guages, the interpretation that the relation 
showed an effect of language on thought 
would become implausible. The hypothesis 
of the present research is that just such 
an invariance exists: that there are specific 
areas of the color space—defined as par- 
ticular intersections of the three dimen- 
sions hue, value, and saturation—which 
are universally the most codable and the 
most accurately remembered (both in short- 
and long-term memory) and that it is 
these areas that form the focal points of 
basic color names across languages. 

The first task was to locate the hypothe- 
sized distinctive areas of the color space; 
presumably these would be the areas most 
central in the cluster of colors given as the 
best example of basic color names. Berlin 
and Kay (1969) mapped the location of 
focal areas on the dimensions of hue and 
value but did not do so for saturation. 
Experiment І of the present research was 
designed to establish the location of focal 
colors on the saturation dimension. 

The second question was whether the 
focal colors located by the first experiment 
were more codable (i.e., were given shorter 
names and named more rapidly) than non- 
focal colors across languages. Berlin and 
Kay's (1969) data suggest this as a reason- 
able hypothesis, but, because they did not 
have their informants code colors, do not 
demonstrate it. That is, Berlin and Kay's 
data would only constitute proof of the 
greater codability of focal colors if pointing 
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to the referent of a name and producing a 
name for a referent were the same process; 
clearly they are not. Furthermore, a pilot 
study showed that American college stu- 
dents tended to produce rather elaborate 
encodings for all colors, including those 
which they themselves later designated 
as the best examples of basic English color 
names; e.g., focal red received names such 
as “scarlet,” ‘‘medium-dark red," and 
"true red." Experiment II was designed 
to test empirically the codability of focal 
and nonfocal colors across languages. 

Тће third question was whether focal 
colors would be more accurately remem- 
bered than nonfocal colors. This question 
is only of limited interest if tested with 
speakers of English or other languages 
possessing the full complement of basic 
color terms; the interesting problem is 
whether focal colors are more memorable 
even to speakers of a language in which 
these colors do not represent the best 
examples of basic color terms. The lan- 
guage of the Dani of New Guinea lacks 
basic chromatic color terms (K. G. Heider, 
1970) and, therefore, through a cross- 
cultural comparison, allowed a test of the 
question, Experiment III used a short- 
term recognition task similar to that 
employed by Brown and Lenneberg (1954) 
to test memory for focal and nonfocal 
Colors with English speakers and with a 
Sample of New Guinea Dani. The hy- 
pothesis of Exp. IV was that focal colors 
would be most easily remembered in asso- 
ciation with color names in a long-term 
memory task—of course, by the speakers 


of the language which initially lacked color 
names. 


А secondary concern, 
ments, was whether the 
among themselves in codability or memo- 
rability. From their Search of the anthro- 
pological literature, Berlin and Kay (1969) 
argued that color terms in all languages 
evolved in the following fixed Order: (a) 
black-white, (b) red, (c) green-yellow, (d) 
blue, (e) brown, (f) pink-orange-purple- 
gray. A strong hypothesis of differences 
among focal colors is that linguistic and 
cognitive measures will conform to that 
order. A less demanding hypothesis, and 


in all four experi- 
focal colors differed 


one that is made quite reasonable from the 
finding of physiologically "primary" hues 
(De Valois & Jacobs, 1968) is that the four 
primary chromatic focal areas (those for 
red, yellow, green, and blue) will prove 
more codable and memorable than the 
other chromatic focal areas. 


EXPERIMENT | 


The purpose of the first experiment was 
to determine, for the dimension of satura- 
tion, the location of the focal points of 
basic color names. 


Method 


Subjects —Two groups of Ss were employed: a 
group of native English speakers and a mixed 
language group composed of available informants 
from other languages. The En glish-speaking Ss 
were 20 college undergraduate girls; the non-English 
group was composed of 10 foreign students. The 
languages represented were: Hungarian, Housa, 
Italian, Korean, Japanese. Javanese, Navaho, 
Portugese, Spanish, and Tagalog. All foreign Ss 
were somewhat bilingual in English. The Ss were 
screened for color blindness. All Ss were paid 
volunteers. 

Stimuli.—1n this and all subsequent experiments, 
Munsell colors of glossy finish were used and are 
referred to in Munsell notation. The International 
Commission on Illumination tristimulus values 
chromaticity coordinates are obtainable from Ni 
son, Tomaszewski, and Boyd (1953). 

In all Unites States experiments, stimuli were 
illuminated from above by a General Electric 
standard daylight fluorescent lamp; Dani were 
tested in daylight. 
1 he first step in choosing stimulus colors was the 
location of the most "focal" color chip in the array 
used by Berlin and Kay (1969) for cach of the eight 
basic color-name focal areas, This was done by 
finding the geometric centers of the irregular areas 
formed by each cluster of best. xample choices, then 
by picking the chip, touching that central point, 
Which had received the highest number of best- 
example choices for that cluster. The chips chosen 
5/19: кей a 4/14; yellow 2.5Y 8/16; green 7.5G 
Е ; оше 2.5PB 5/12; pink 5R 8/6; orange 2.5YR 
6/16; brown 5YR 3/6; purple 5P. 3/10. These chips 
were all at maximum saturation for that hue and 
value provided in the Munsell Book of Color. To 
ра were added all chips of lesser saturation 

Same hue and value, The number of chips 


added varied according to the saturation of the 
original: the ran 


?rown, to 8 each 
array 


» for yellow and orange. The final 


Ips were mounted in зева TE 
+ White cards arranged in a randomly 
ordered array on a gray surface (Munsell value/5). 
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Each S saw a different random order. Instructions 
were the following: “Out of all these colors, find the 
one that, to you, is the best example of *N'." "X" 
was, in turn, each of the basic color names in S's 
language. When foreign students were tested, the 
basic color names of 5's language were elicited before 
testing began. The Ss were seen individually. 


Results 


For the United States Ss, 95% of all 
choices of best examples of basic color 
names fell on chips of the two highest 
saturation levels. That is, of the 160 
choices of a best example of a basic color 
name made by United States Ss (20 Ss 
making 1 choice for each of eight basic 
color names), only 8 of those choices failed 
to be a chip of the two highest saturation 
levels available for the hue-value to which 
the name referred. For the foreign Ss, 
92.5% of the choices were of the chips of 
the two highest saturation levels. That is, 
of the total of 80 choices made by the 10 
foreign Ss, only 6 of those choices failed 
to be of the two most saturated chips 
available for the hue-value to which that 
name referred. It was quite clear, without 
further analysis, that the most saturated 
Colors were the best examples of basic color 
names both for English speakers and 
Or speakers of the other 10 languages 
represented. 


EXPERIMENT II 


Тће basic hypothesis of the second experi- 
ment was that the same colors, specifically 
the focal points of basic color terms located 
by Berlin and Kay (1969) and by the 
results of the first experiment, were the 
most codable colors across languages. Only 
two measures of codability were used here, 
length of name and response latency of 
naming, because sufficient numbers of 
Speakers of each non-English language 
Were not available for the use of inter-S 
agreement as a measure. А secondary hy- 
pothesis was that focal colors would differ 
among themselves in codability; the strong 
form of this hypothesis was that codability 
Scores would follow Berlin and Kay's (1969) 
evolutionary order of color names, the weak 
form that the four primary basic chromatic 
colors would be more codable than the other 
four focal colors. 


Method. 


Subjects —The Ss were 23 adult native speakers 
of a language other than English—13 males, 10 
females—each a speaker of a different language. 
Fourteen of the Ss were tested in the United States, 
test instructions presented in English; 9 Ss were 
tested in Indonesia, test instructions presented in 
Bahasa Indonesi Тће languages, grouped into 
language families, were: Indo-European —German, 
Italian, Polish, Swedish, Hindi, Urdu; Austronesian 
— Tagalog, Malay, Bahasa Indonesia, Javanese, Ba- 
tak, Sundanese; Sino-Tibeta n—Thai, Burmese, Can- 
tonese, Mandarin; Afro-A siatic—Y oruba, Housa, 
Arabic, modern Hebrew; Miscellaneous—Hungarian, 
Korean, Japanese. The Ss were screened for color 
blindness. No S had served in Exp. I. All Ss were 
paid volunteers. 


Stimuli.—Three classifications of colors were used 
as stimuli: (a) Focal colors consisted of the eight 
chromatic chips representing the center of each 
best-example cluster, with the addition of black 
(N1/) and white (N9/). The chromatic chips 
were listed in Exp. 1. (b) Internominal colors were 
chips chosen from the centers of those areas in which 
no chips had been designated as the best example 
of a basic color name by any language. The attempt 
was made to choose internominal colors matching 
the focal colors as closely as possible in either hue, 
value, or saturation. There were eight internominal 
areas on the Berlin and Kay (1969) array; the colors 
chosen from those areas were: 2.5YR 8/6; 10Y 6/10; 
10Y 4/6; 10GY 8/10; 10BG 7/6; 10BG 4/6; 5P 7/6; 
5RP 3/10. (c) Boundary colors were colors adjacent 
to a focal cluster on one side with an internominal 
area or array border on the other side. Criteria 
for choosing boundary colors were that the chip be 
two or more spaces distant from the focal chip of 
that cluster, that the chip be directly adjacent to à 
chip that had been chosen as a best example by at 
least one informant, and that the chip had not it- 
self been chosen as a best example by any informant. 
Thirteen chips met these criteria and were included: 
2.5R 9/2; 5R 2/8; 2.5YR 7/10; 7.5YR 8/8; 25У 
3/4; 7.5Y 9/2; 10СҮ 7/8; 10G 3/4; 7.5B 6/8; 108 
3/6; 7.5РВ 2/10; 5P 6/8; 10P 7/6. 


Procedure.—Each chip was mounted individually 
on a 7.62 X 12.70 cm. white card. Cards were 
shown one at a time to each S who was instructed 
to write, in his own language, what he would call 
each color. The cards were “shuffled” after cach 
testing so that each S saw the colors in a different. 
order. Response latency, measured by a stopwatch, 
was the interval of time between Е'5 initial presenta- 
tion of the color and S's initial movement of the 
pencil in writing the answer. То control for E bias, 
most testing was done by an E who did not know the 
classification of colors or the hypotheses upon which 
the experiment was based, and E's face was ob- 
scured from S during testing. If .5's language used a 
non-Roman orthography, 5 was asked, at the con- 
clusion of testing, to transliterate the answers into 
Roman orthography. 
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Соравплту OF FOCAL, INTERNOMINAL, 
AND BOUNDARY COLORS 


Stimulus colors 


Dependent variable 


Focal | „mter | Boundary 
No. of words 1.82 2.59 2.77 
No. of letters? 8.14 12.20 12.68 
Response latency” 9.9 14.8 13.1 


a Analyses performed using logio of number of letters, 
b Latency means shown in seconds. 


i All analyses were per- 
formed using logo of time in seconds. 


Results 


Тађје 1 shows the mean length of name 
and response latency of naming for focal, 
internominal, and boundary colors, 
of name was determined b 
measures: the те 


Length 
У two separate 
an number of words used 
to name the color and the mean number of 
letters. For languages not written in 
Roman orthography, the length measures 
Were derived from the transliteration. 
Significance of the length of name results 
was analyzed in two ways. The raw scores 
for both name variables were skewed to- 
ward the lower end of the range. A logio 
transformation of the number of letters per 
encoding rendered the distribution of that 
variable reasonably close to a normal curve 
(a X? of the departure of the percentile fre- 
quency of the distribution of the trans- 
огтед scores from the distribution ex- 
pected from a normal curve was not 
Significant, X* (9) — 4.82) Number of 
letters was, therefore, analyzed with a one- 
way analysis of variance, Ss x Treat- 
ments; each category of color (focal, in- 
ternominal, and boundary) constituted a 
treatment. The difference in length of 
name between the three categories of color 
was significant, F (2, 22) — 8.41, р < 1. 
"Tests for correlated meas 


: ures between the 
categories of colors showed that focal colors 


were given significan tly shorter names than 
internominal colors, # (22) = 3.39, p < .01 
that focal colors were given significantly 
shorter names than boundary colors, ; (22) 
= 405, р < .01, but that internominal 
and boundary colors did not differ signifi- 


cantly from each other, t (22) = 159; 
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Тће number of words per name remained 
skewed even with the logis transform and 
was, therefore, analyzed with the поп- 
parametric sign test (Siegel, 1956). Of the 
23 Ss, 19 produced a smaller mean number 
words for focal than for internominal colors 
(with one tie) and 21 produced a smaller 
mean number of words for focal than for 
boundary colors. These proportions would 
be expected by chance in a binominal dis- 
tribution, р < .001. Fourteen of the Ss 
produced a greater mean number of words 
for boundary than for internominal colors; 
for 9 Ss the opposite was the case, a differ- 
ence which is not significant by the sign 
test. In summary, for both measures of 
naming, focal colors were given shorter 
names than either internominal or bound- 
ary colors; however, internominal and 
boundary colors did not differ from each 
other. 

Latency of naming was analyzed by the 
same procedures as letters per name. 
Results were similar to the results for the 
length of name measures. The difference 
in naming latency between the three cate- 
gories of color was significant, F (2, 22) 
= 452, р < .05. Tests for correlated 
measures between all pairs of categories of 
color showed that focal colors were named 
more rapidly than internominal colors, 
# (22) = 4.74; that focal colors were named 
more rapidly than boundary colors, / (22) 
= 4.67, both bs < .01; but that inter- 
nominal and boundary colors did not differ 

1.50. 


from each other, # (22) = 
asures of coda- 


. The results for both me. 
bility (length of name and naming latency) 
Focal colors were given 


were consistent, 
names and named more rapidly 


shorter 
than nonfocal colors, Internominal and 
differ significantly 


boundary colors did not 
from each other, As had been found by 
eberg (1954), the two 


Brown and Lenn 
measures of codability were correlated 
57, 


with each other across colors: = 
‘ros lors: r = 
b < .01 for у < 0 


The languages i 


ncluded in the study do 
DOt represent 


EH all of the world's language 
amilies but do represent considerable di- 
Versity of linguistic Stock. Since four 
anguage families were represented by more 
than one language (Indo-European 6, 
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Austronesian 6, Sino-Tibetan 4, Afro- 
Asiatic 4), it was possible to test whether 
the results differed significantly between 
language families. For this purpose a two- 
way analysis of variance, mixed model, was 
performed: category of color constituted 
the within-S variable, language family the 
hetween-S variable, Neither the between-S 
main effect due to language family nor the 
interaction approached significance, main 
effect, F (1, 21) = .77; interaction, F 
(2, 42) = 1.93. 

Inspection of the data for individual 
Ss revealed additional facts. Individual 
length and latency means for focal and 
Nonfocal colors tended to be in the same 
direction as the group means; in fact, for 
19 out of the 23 Ss, the focal and nonfocal 
Color means for all three variables were in 
the same direction as the group means. 
"urthermore, as had been suggested by the 
Pilot study on English speakers, the length 
Terence between focal and nonfocal colors 

as not simply the result of Ss naming 
Ocal colors with basic color names and non- 
Ocal colors with secondary names. The 
55 showed consistent individual differences 
ds naming elaboration; some used one- or 
Eus od color names lor. most chips, 

€ others used long descriptive phrases 
E most chips (the correlation across Ss 
Seren number of letters in the focal and 
ocal names was significant: r = .51, 
MM .01). However, within their style 
she erence, most Ss consistently used 
rter words or phrases for the focal than 

Ог the nonfocal colors. 
Ae second hypothesis concerned coda- 
ability differences within the focal colors. 
he codability order of colors, from most 
Ee least codable, was as follows: (a) 
umber of words—black, white, yellow, 
Purple, brown, red, pink, blue, orange, 
eg (b) response latency—black, yellow, 
P» ite, purple, blue, red, pink, brown, green, 
range. Except for the fact that the two 
achromatic colors “black” and “white” 
Occurred early in the lists, neither order 
looked like" the order in which Berlin 
and Kay (1969) claim color terms evolve 
пог were the rank-order correlations af 


either order with the “evolutionary” order 
significant. 
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The weaker form of the order hypothesis 
did receive partial confirmation. While 
neither measure of length of name showed 
a significant difference (although both 
were in the predicted direction), pri- 
mary focal colors were named significantly 
more rapidly than the nonprimary focal 
colors; # (22) = 2.86, p < .01 (for corre- 
lated measures). 


EXPERIMENT 11 


Language-cognition studies with color 
have typically employed a short-term 
recognition task as the memory measure 
(Brown & Lenneberg, 1954; Lantz & 
Stefflre, 1964; Stefflre et al., 1966). The 
basic hypothesis of the third experiment 
was that in such a task, focal colors can be 
remembered more accurately than non- 
focal even by speakers of a language that 
lacks basic hue terms and in which, there- 
fore, focal colors do not represent the best 
examples of basic color names. Such a 
language is spoken by the Dani of In- 
donesian New Guinea, a stone-age people 
previously described by K. G. Heider 
(1970) as having only two color terms. 
These divide the color space on the basis 
of brightness rather than hue. Color 
systems of that character have been re- 
ported for other cultures as well and form 
Stage 1, the first and simplest stage, of 
Berlin and Kay's proposed evolutionary 
ordering of color systems. Data from a 
study verifying the nature of Dani color 
terminology and tables showing the dis- 
tribution of the two basic Dani color terms 
over arrays of Munsell chips are available 
in Heider and Olivier (1972). 

Experiment ПІ was designed in two 
parts: (a) An English-speaking group was 
tested; this was intended primarily as à 
replication of Brown and Lenneberg's 
(1954) findings using the present system- 
atically derived focal and nonfocal colors. 
(b) A Dani group was tested; this was 
intended to test the hypothesis that 
memory differences between focal and non- 
focal colors exist even when codability 
differences do not. The two groups were 
given identical tasks so that possible inter- 
actions between culture and stimulus type 
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2 value steps more nearly perceptually equal. The 
а 152 у UD DAS array was mounted on white 
ACCURACY AND LATENCY or CoLoR Мемову cardboard in “Munsell order,” hues horizontally, 
values vertically. Changes in the array песе a 
=н some changes in the memory colors; chips Pr 
ari, and 7.5 hues were replaced with an immedia 

E бди Focal ie Boundary adjacent 5- or 10-hue chip which met the criteria i 
i ir that color category described in Exp. I and II. 
i The final memory stimuli consisted of all of the 
cio: 5- and 10-hue chips in each category used in Exp. n 
with the addition of the following replacements D. 

NOncorrect SEE 590 2.51 the 2.5 and 7.5 chips: focal color replacement—10Y 
Mi senos 25 8/14, 5YR 7/Max, 10GY 5/12, 108 4/10; inter- 
Er s iy 28 Es nominal color replacement—5YR 8/6; boundary 
рое 12.4 13:5 11.8 color replacements—5Y 3/4, 10Y 9/6, 5B 6/8. An 
oa d 3 i additional effect of this method was to equalize the 

:q number of colors (to eight) in each category. Д 
Dine Procedure.—Procedures were essentially identical 
z y for United States and Dani 5 Test chips ME 
nonet 218 47 Ji mounted on 7.62 X 12.70 cm. white cards. A 
uc SONUS 2.5 2.9 3.6 was shown a single test chip for 5 sec., waited bes 
Incorrect. response A 47 i sec., and was then shown the entire 160-chip B 
latency 3.6 3.5 3.6 and asked to select from it the chip he had seen. 


^ Latency means shown in seconds, 


own i All analyses were per- 
formed using logio of time in seconds, 


could be compared, Secondary hy 
Ses in Exp. III were equivalent 
hypotheses concerning 
ordering of Exp. II. 


pothe- 
to the 
within-focal-color 


Method 

Subjects.—The Ss were 20 native English speakers 
—12 females, 8 males—and 21 Dani, all females. 
All Ss wer, 


* paid volunteers апа were screened for 
Dani Ss were monolingual and 
Were screened for the use of color names; only Dani 
Whose color-name usage was restricted to the two 
basic terms "mili" (roughly "dark") and “mola” 
(roughly "light") were used. In naming colors, 
such Dani Ss tended to “chant” the two names at 
& constant rate so that neither length of name nor 


gross latency differences existed between colors 
for these 55, 


Stimuli.—Two Sets of colors 
memory task, colors S was t 
array of colors from Which 5 was later to distinguish 


the memory colors. A Pilot stud i i 

п Y with United 
States Ss tested the chromatic focal, internominal 
and boundary colors listed į as the memory 


Were used in the 
9 remember and an 


smaller array from which the memory colors were to 
be distinguished was constructed by eliminating 
Levels 2.5 and 7.5 of each hue from the Berlin and 
Kay array, a change which also made the hue and 


The 30-sec. delay was not filled by any activity. 
The array was covered with white cardboard during 
the presentation of the chip and the wait. Test 
chips were presented to S in random order; after 
each testing, the cards were shuffled so that each 
5 saw the colors in a different order. 

Response latency, measured by stopwatch, was 
the interval between E's uncovering of the array 
and S's pointing to one of the array chips as his 
answer. As in the second experiment, the attempt 
Was made to control for E bias. In the United 
States, testing was performed by an E who did not 
know the classification of colors nor the purpose of 
the experiment. Although Dani .Ss were tested by 
the author, the testing was so arranged that only 
E's hands were visible to the 5 during testing. 


Results 

Тће basic memory accuracy score was 
S's number of Correct recognitions of focal, 
internominal, and boundary colors, Table 
2 shows the means of these scores. Results 
were analyzed by a two-way analysis of 
variance, mixed model (a Type 1 mixed 
model, Lindquist, 1953), 
colors were the wit 
the between. varia 


were significant: 
more 
15.07 een categories 
F (2, 78) — 611, 
The interaction was not 
) 8:917 Tests of the 

within-S variable at 
each level of the between-S variable (the 


of color within each 
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culture) were also performed. Because it 
could not be assumed that the error (within 
cells) was homogeneous for both cultures, 
the analysis corresponded to a simple 
Treatments X .Ss design performed within 
each culture (Lindquist, 1953). The differ- 
епсе between categories of color was 
significant within the United States culture, 
F (2, 19) — 6.39, and within the Dani 
Culture, F (2, 20) = 6.84, both ps < .01. 
Tests for correlated scores between all pairs 
of categories of color showed that within 
the United States culture, focal colors were 
remembered more accurately than inter- 
nominal colors, / (19) = 3.29; focal colors 
Were remembered more accurately than 
boundary colors, Ё (19) = 4.86, both ps 
X .01, but that internominal and boundary 
Colors did not differ significantly from each 
Other, ¢ (19) = 1.04. Within the Dani 
Culture, the same pattern of results were 
Obtained. Focal colors were remembered 
More accurately than internominal colors, 
t (20) = 4.09, р < .01; focal colors were 
remembered more accurately than bound- 
Шу colors, / (20) = 3.74, р < .01; but in- 
ternominal and boundary colors did not 

iffer from each other, Ё (20) = .97. 

In summary, the results for memory 
accuracy were highly consistent; focal 
Colors were remembered more accurately 
Juan nonfocal both by Americans and 
Jani. The difference between internominal 
а boundary colors was not significant for 

лег culture. Not surprisingly, United 
tates recognition accuracy was higher than 
i however, it is important to note that 

re was no interaction between culture 
and treatment; that is, the direction of 
ifferences was the same within both 
Cultures. 

Several factors which might have biased 
these results were also analyzed. In the 
m place, Munsell chips were not per- 
se ДУ equidistant ; therefore, some chips 
ү meinory array were more “discrimi- 
their Е eenally more distant) from 
Eod T ig | ors than other chips. Brown 
vp berg (1954) found that discrim- 

y correlated with accuracy of recog- 


Nition (thou qu А Жа 

3 gh not with codability). It w: 
Possible, ao 
Was 


study. Discriminability scores for the 24 
test colors were computed by the method 
described in Brown and Lenneberg (1954). 
'This is а method for computing the dis- 
criminability of a test chip from its neigh- 
boring chips in an array. In the present 
study, neighboring chips were defined as 
all those chips both one and two steps 
from the test chips in hue and brightness 
(in the memory array described previously). 
The score for each test color, thus, con- 
sisted of the combined scores of its dis- 
criminability from the 20 chips surrounding 
it in that particular array. The 4 immedi- 
ately adjacent chips were weighted propor- 
tionally higher by a factor of 1. For these 
purposes, the array was considered circular 
with red adjacent to purple; otherwise, 
"edges" were treated as in Brown and 
Lenneberg (1954). Tests (0) between 
the discriminability scores thus derived 
were computed between focal,internominal, 
and boundary colors; none approached 
significance. 

A second possible bias might have been 
introduced by a differential tendency of 55 
to guess focal or nonfocal colors when the 
correct color was not known. To test 
whether a correction for guessing was 
needed, the number of incorrect designa- 
tions of focal and of nonfocal colors was 
compared by ¢ test for both cultures. In 
fact, guessing one test chip when another 
was correct was very rare and did not differ 
for focal and nonfocal colors in either 
culture. А final problem was presented 
by the small number of correct recognitions 
by Dani and the resulting restricted 
variance. Тһе results were, therefore, 
checked by an analysis which used a 
different accuracy measure for which Dani 
variance was greater. Error distance 
scores were computed, which consisted of 
the mean distance between each chip and 
and all of the chips which had been in- 
correctly designated for that chip in in- 
correct recognition trials (distances between 
chips were computed from the revised 
spacing of Munsell chips in Newhall, 
Nickerson, & Judd, 1943). The same 
analyses were applied to this measure as 
to recognition accuracy; identical results 
were obtained from the two measures. 
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Response latencies were computed sepa- 
rately for correct and incorrect answers. 
The mean scores are shown in Table 2. 
The same mixed-model, two-way analysis 
of variance as described for the memory 
accuracy variable was applied separately 
to the two types of latency measures. For 
both measures, the between-S main effect 
was significant; that is, Dani responded 
more rapidly than United States Ss both 
when giving correct responses, F (1, 40) 
=8.78, and when giving incorrect re- 
sponses, P (1, 40) — 7.51, both bs < .01. 
For latency of incorrect responses, none 
of the other effects nor any of the £ tests 
were significant. For latency of correct 
responses, the difference between the three 
categories of color was significant, F (2, 78) 
= 3.52, р < .05, and the simple effect for 
differences between the three categories 
of color within the United States culture 
was significant, F (2, 19) = 4.22, р < 05; 
however, the simple effect was not signifi- 
cant within the Dani culture, F (2, 20) 
= 1.77. Within the United States culture, 
t tests for correlated measures showed that 
Correct responses were given more rapidly 
for focal than [ог internominal colors, # (19) 
= 245p -05, and more rapidly for focal 
than for boundary colors, ¢ (19) = 3.06, 
P < .01, but that the difference between 
internominal and boundary colors was not 
significant, ¢ (19) = 1.69. For correct re- 
Sponse latency, the interaction between 
culture and treatment was not significant, 
F (2, 78) = 1.61, 

А secondary 
cerned memory dj 
colors. 


Orange, yellow, 
brown, blue. Nei 
cantly correlated with 
proposed evolutionary order, 
Accuracy and latency differences for the 
four primary and four i 
colors were analyzed. 
significant differences in 
ever, as had been the cas 
was a significant differen 
latency of correct answ 


accuracy. How. 
€ in Exp, П, there 
ce in latency, Тће 
ers was shorter for 


the primary than for the nonprimary focal 
colors for the United States alone, £ (19) 
= 3.94, and for the United States and Dani 
combined, ¢ (40) = 3.05, both ps « .01. 


EXPERIMENT IV 


The previous experiment was designed 
to be relevant to the findings of earlier 
language-cognition studies and so used 
Short-term recognition memory as the cog- 
nitive variable. The hypothesis of Exp. IV 
was that focal colors were also more easily 
retained in long-term memory and can, 


thus, more easily become associated with 
color names. 


Method 


Subjects—The Ss were 19 Dani—17 males, 2 
females—screened for color blindness and color- 
name use as were Dani Ss in Exp. III. No .S had 
served in Exp. III. The Ss received payment only 
after they had completed the task to criterion (a 
mean of 3} days testing). Five additional Ss 
ed to return on successive days to continue 
training and were dropped from the study. 

Procedure.—The Ss were required to learn 16 
stimulus-response pairs. The eight focal and the 
eight internominal colors described in the previous 
two experiments served as stimuli. Each color was 
paired with a Separate response word. The response 
Words used were all names of Dani sibs (a sib is a 
nonterritorial, unilineal descent group somewhat 
like a clan). Sib names were all well known to Dani 
and, as nearly as could be determined in pretesting, 
all approximately equally frequent, familiar, and 
meaningful. Furthermore, measures of association 
between sib names were easily obtainable (Dani 
readily listed sib names), and it was possible to use 
names with approximately equal interassociation 


value. In order to randomize effects of any uncon- 
trolled memorability differences in sib names, each 
5 received a di s 


of pairings of colors and 
n sib name was never used as one 


ed to each 5 as learning a new 
language that E would teach him and for which he 
would be раја w аз completed. He 

arning could take several 
days. he first testing session, the 
colors (mounted on 7.62 x 12.70 cm. white cards) 
маг laid in random order in front of 5; and he was 
old the hich he repeated after E. 
athered into a pack, 
at a time to S who was 
ame of the color, The 5 re- 
each response; he was praised 
€ correct response if incorrect. 
‘ards were reshuffled. The SS 
ау on successive days until the 
ect run had been achieved, A 


‹ ad. 
criterion of one perfi 
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record was kept of the stimulus color and S’s re- 
sponse on each trial. 


Results 


Тће mean number of errors per color for 
focal colors was 7.3, for internominal colors, 
9.9. A t test for correlated measures 
showed the difference significant, # (18) = 
3.27, b < O1. Focal colors did become as- 
sociated with color names more rapidly 
than nonfocal colors. 

The order in which the focal colors were 
learned, from lowest to highest errors, was: 
red, pink, green, orange, purple, blue, 
yellow, brown. This order did not corre- 
late significantly with Berlin and Kay’s 
Proposed evolutionary order. The differ- 
ence between errors for primary and non- 
Primary focal colors was significant, £ (18) 
71.69, р < .10. 


GENERAL DISCUSSION 


Clearly there exist linguistic codes that in- 
Mose memory: one obvious example às the 
oe advantage gained from learning to 
HS strings of zero and one digits into a 
n her order code such as binary or octal (cf. 
E 1956). In a sense, the "language- 
at hypothesis ais that differences in 
mA analogous to learning binary" exist 
that сеп natural languages. To demonstrate 
a natural language codings of a domain are 
Ex ones of human memory for the non- 
Such istic. stimuli of the domain, evidence, 
а) ced the following, should be obtainable: 
Me for the stimuli should vary between 
orae In the domain of colors, the 
D. tm ar colors to be most codable should 

erent in different linguistic communities, 
Perhaps depending on the ecology of color in 
abated culture. (b) Memory should, 
code € very least co-vary with changes in the 
thes; The present research has shown that 
Wt F conditions are not present in the domain 
F Dm. Тће same colors were most codable 
об diverse sample of languages (which 
Es a), and those colors were best re- 
ont een in a culture where the linguistic 
AS pl : me terms and codability were 
(which violates b). 

ПК obiection might be raised that b was 
us violated because the generally poor 
Ij TE I eae of the Dani did co-vary 
ae ack of Dani hue names. However, there 
€ many other differences between the Dani 
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and American culture to which overall memory 
performance might better beattributed. Dani 
life contains neither school, work, nor inter- 
personal relations which produce overloads of 
information; thus, Dani have neither need 
for, practice with, nor any explicit training 
in the use of memory control processes. An 
interaction in memory between culture (Dani 
vs. U. S.) and treatment (focal vs. internominal 
vs. boundary colors) might have proved rel- 
evant to the present hypotheses; a main effect 
for culture alone (in the direction of Dani 
memory inferior to U. S.) cannot be so 
interpreted. 

A second problem raised by the present 
research is the question of why color universals 
in naming and memory were not discovered 
by previous language-cognition studies. For 
example, Stefflre et al. (1966) found no corre- 
lation between the colors best remembered by 
speakers of Spanish and Yucatec. The answer 
is probably contained in the finding of Exp. I 
that focal colors are all of the highest satura- 
tions available for that hue and value. In 
order to "control" value and saturation, 
arrays of medium value and low saturation 
have typically been preferred. Stefflre et al. 
used the Farnsworth-Munsell colors, which 
are of low saturation and contain no focal 
colors. Holding value and saturation constant 
in an experimental array of colors does not 
eliminate effects of the particular level of value 
and saturation used, if those dimensions are 
significant. 

Accepting, for the sake of argument, that 
focal colors are universally “salient,” how 
might such saliency be related to universals in 
color naming? The superior retention of focal 
colors in long-term memory in the name- 
learning task demonstrated by Exp. IV sug- 
gests one mechanism by which the saliency 
of focal colors may lead to evolution of those 
colors as the core meaning of basic color terms 
across languages. Further evidence for the 
role of focal color areas in the development of 
color names in American children (Heider, 
1971a) and in the experimentally controlled 
learning of color concepts (as opposed to 
specific associations) by Dani (Heider, 1971b) 
support the central role played by focal colors 
in learning the meaning of color names. 

If the saliency of focal colors plays a role 
in the learning (and, by implication, the 
linguistic evolution) of basic color names, then 
it is not unreasonable to suppose that saliency 
differences among focal colors would lead to an 
evolutionary order in the development of 
color names. Although none of the measures 


n 


of the present research supported the specific 
evolutionary order proposed by Berlin and 


Kay (1969), there was some confirmation (the . 


significant response latency data of both Exp. 
II and III and the significant error data of 
Exp. IV) that Berlin and Kay's first four 
colors were more codable and memorable than 
the latter four. Such findings are compatible 
with the evidence that those four colors (red, 
yellow, green, and blue) may be the physio- 
logically primary hues (cf. De Valois & 
Jacobs, 1968). 

Given the attributes of focal colors—their 
occurrence as exemplars of basic color names, 
their linguistic codability across languages, 
and their superior retention in short- and long- 
term memory—it would seem most economical 
to suppose that these attributes are derived 
from the same underlying factors, most likely 
having to do with the physiology of primate 
color vision. In short, far from being a 
domain well suited to the study of the effects 
of language on thought, the color Space would 
Seem to be a prime example of the influence 
of underlying perceptual-cognitive factors on 
the formation „апа reference of 


r linguistic 
categories, 
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EFFECT OF STIMULUS AND INSTRUCTIONAL VARIABLES IN 


AN 


AMBIGUOUS CONCEPT-ATTAINMENT TASK? 


MARY JANKE ? 


Stocklon State Hospital, Stockton, California 


One hundred and seventy-six Ss categorized, with probabilistic feedback, dots 
(relevant dimension spatial position), numbers (relevant dimension numerical 


magnitude), dots with four bits of irrelevant information, and numbers with 
added position information (redundancy in the relevant variable). 


The Ss 


performed better (p < .001) when given a clue to optimal solution. Number 
categorization was inferior to dot categorization (p < .01); irrelevant infor- 


mation did not degrade dot categorization significantly; 


but redundancy 


improved number categorization (р < .05) when no clue was given to solution. 


Inferior performance with numbers seems 


due not to irrelevant information 


but to lack of salience of the relevant dimension coupled with difficulty in 


finding the center of the number range. 


Redundant position information 


probably mitigated both of these factors. 


min ambiguous concept-attainment (CA) 
Stim may be defined as one m which the 
MM to be categorized present no cues 
er, у correlated with their class mem- 
5 Sup. Thus the feedback from E to S 
апд obabilistic rather than deterministic, 
less S can never expect to achieve error- 
abil; Performance. Two types of prob- 
Enc feedback are misinformative feed- 
Masc (ME), in which E "lies" to Sona 
ib percentage of trials, and non- 
fe, gent feedback (NCF), in which 
гар ack is completely unrelated to S's 
ораев (Rogers & Haygood, 1968). 
тод. type of probabilistic feedback is 
eee through the use of externally 
dee stimuli (Lee, 1963), which are 
GE EN to the (internally distributed) 
tion uM signal plus noise of a signal detec- 
Here ask (Swets, Tanner, & Birdsall, 1961). 
of ar the relevant dimension is composed 
NS ordered set of stimulus values. In a 
ap Category ambiguous CA task, two over- 
Ping subsets of these values are defined 
one categories to be identified; within 
Subset, the number of stimuli pre- 
1 

Bag he 


Тће 
th 


author wishes to thank Natalie Coleman 
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ex Pann. or conclusions stated in this article are 
ENS he author and are not to be construed as 
Sites as necessarily reflecting the policy of the 
5 nia Department of Mental Hygiene. 
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sented which have a particular value is a 
Gaussian function of that value. Inside 
the area of overlap of the two subsets, 
feedback is probabilistic. The S's task 
may be likened to that of identifying the 
sex of persons when only their heights are 
given—distributions of heights are roughly 
normal for each sex and the distributions 
overlap, so that while heights at either 
extreme may be linked to sex with a high 
degree of confidence, in the middle of the 
scale there is a range of ambiguity. Al- 
though, as mentioned, errorless performance 
is for all practical purposes impossible in 
this sort of task, accuracy increases as the 
separation between means of the distribu- 
tions increases (Lee & Zentall, 1966). And, 
though not necessarily correct as defined 
by feedback, all responses can be optimal 
in the sense that they maximize the prob- 
ability of being correct. 

The ambiguity present in the CA task 
of this study was generated by the use of 
externally distributed stimuli, It has been 
found that type of stimulus used is a 
relevant factor in such a task; Ss categori- 
zing dots varying only in their position 
along the long axis of a card perform more 
optimally than do Ss categorizing two- 
digit numbers varying in magnitude (Lee & 
Janke, 1964; 1965). It seemed that one 
reason for this might be the greater amount 
of irrelevant information contained in 
numbers as compared to dots. Since 
of irrelevant information has been 


a 
22 


TABLE 1 
SPECIFICATIONS OF DISTRIBUTIONS 1 AND 2 


Relevant dimension 


Statistic Dot position No, magnitude 
1 2 1 2 
М 3.31 4.56 37.51 45.49 . 
SD 1.00 1.00 6.40 6.40 


Note.—N = 100, 


shown to be a significant variable in both 
deterministic and probabilistic CA experi- 
ments (e.g., Archer, Bourne, & Brown, 
1955; Johannsen, 1962; Pishkin, 1960; 
Walker & Bourne, 1961), four bits of irrele- 
vant information were added to dot stimuli 
to see if this would degrade performance 
reliably, and to see how the performance 
level would compare with that achieved 
with numbers (Janke, 1968). (The variety 
of irrelevant cues in number stimuli appears 
equivalent to more than four bits of in- 
formation. These cues include oddness or 
evenness of either digit of the number, 
characteristics of the sum, product, differ- 
ence, or quotient of the digits, the second 
digit’s being less than five or not, charac- 
teristics of the confi guration of the digits— 
straight line vs, curved, e.g.—and so forth.) 
Although categorization of these “irrelevant 
dots" tended to be somewhat inferior to 
categorization of dots, the trend was not 
significant. In the same study, the hy- 
pothesis was tested that Presentation of 
numbers in a manner equivalent to presen- 
tation of dots бе, in varying positions 
along the long axis of a card) would im- 
prove the Performance of Ss categorizing 
those numbers, Presentation, as- 
suming that magnitude corresponded to 
position, would introduce redundancy in the 
relevant variable, and redundancy has 
been shown to be helpful in deterministic 
CA (Bourne & Haygood, 1959; Keele & 
Archer, 1967), Again, the trend of the 
results, while consistent with this hypothe- 
sis, was not significant. Because of the 
relatively small number of Ss used in this 
study (10 in each cell of a 4 X 2 factorial 
design), and the great variability 
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Ss, it was decided to increase the size of 
the groups, still with the goal of explicating 
the difference in performance levels between 
probabilistic categorizing of dots and of 
numbers. ж 

Janke (1968) found a significant superi- 
ority for performance under Cue instruc- 
tions, in which Ss were told the relative 
positions of the two categories to be identi- 
fied, as compared to performance under 
Neutral instructions, in which no aids to 
СА were given. This finding accounted 
for different average performance levels 
found by Lee and Janke (1964), who used 
Cue instructions, and Lee and Zentall 
(1966), who used Neutral instructions. 
The instructional variable was also included 
in the present study. It might be expected 
that the effect of irrelevant or redundant 
relevant information would be exaggerated 
under Neutral as compared with Cue in- 
structions, producing an interaction be- 
tween instructions and stimuli. To put it 
another way, if Ss are in essence told the 
optimal solution of the CA task, the pres- 
ence of irrelevancy or redundancy in the 
stimuli might be expected not to have 50 
great an effect as otherwise. 


METHOD 
Stimuli —Stimuli were those used by Janke 
(1968). Two overlapping normal distributions were 
specified on a continuum ranging from 1 through 42 
for dot stimuli (21 through 62 for number stimuli, 
in order to have two digits in each number), Nomi- 
nal means, standard deviations, and frequencies 0 
these distributions are given in Table 1; means an 
standard deviations are in inches from the left side 
of the stimulus card for the dot-position continuu™ 


and in the number continuum units for the number 
continuum, 


Each stimulus value, 
:01 of the area of the 
derived. Sample points 
of their intervals, 
tribution 1, for ex 
normal devi, 
The value 
solving 


or sample point, represented 
distribution from which i 


at the point лө 
ate corresponds to а left-tail area of .005- 


Point was found bY 


7 to an integer z to give Ur 
че. c; (as well as сз) was i 
Mi was chosen so that z would equal $ 
Subject to the restrictions that (Ms — M3)/e = 12 
and that the highest point in Distribution 2 wou 
be 42. (M: — Му)/а, or d', has been used in sign? 
detection theory as an index of discriminability- 


бал Ай t 
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Other sample points were found by adding successive 
Increments of .01 to the original .005 and using the 
same equation to find new rs and ms; a similar pro- 
cedure was used to find the sample points for 
Distribution 2. Calculations were performed by 
computer. The lowest point in Distribution 1 was 1; 
the highest point was 34. The lowest point in 
Distribution 2 was 9, and the highest point was 42. 
The point at which the two distributions crossed 
had Stimulus Position 21.5. There were no stimuli 
actually occupying this position, as presented 
Stimulus positions always had integral values. To 
the left of (below) this position a stimulus sample 
Was more likely to be a 1 than a 2; to its right 
(above) the reverse was true. 
After having been specified, the sample points 
were put on cards, one to a card. Four decks of 
00 cards each were constructed; each deck con- 
tained the 200 sample points from Distributions 1 
and 2 in random order followed by the same 200 
Sample points in a different random order. These 
Orders were the same for all four decks. The dis- 
tribution from which each sample point derived was 
Written on the back of its card. 
ES four decks represented the four types of 
Imuli used in the experiment—dots, irrelevant dots, 
- » and redundant numbers. А card for dot 
inik wuli (D) was a 5X 8 in. plain file card with an 
Кеа circle about } in. in diameter placed at one of 
E Шау spaced positions along an imaginary 
1zontal line 2.5 in. from the upper, long edge of 
Boa сага. The dot corresponding to Stimulus 
sition 1 was 1 in. from the left edge of the card; 
е dot corresponding to Stimulus Position 42 was 
is Same distance from the right edge, so that 
Iss Point at which the distributions crossed was 
‘ated at the card's midline. 
hi ard for irrelevant dot stimuli (ID) was the 
me à card for dot stimuli, except that the dots 
Nell | along four binary irrelevant dimensions, as 
iin horizontal position on the card. These 
Чаш oT were color (red vs. blue), size (i in. 
vertie, | vs. d in.), interior (filled vs. open), and 
te) i Position (3.1 in. from the top of the card 
Variabla Л The values of the irrelevant binary 
Points es were assigned randomly to the sample 
pii, card for number stimuli (N) wasa 3 X 5 in. 
isque card with an integer between 21 nd 62, 
Ee printed in ink at its center. „Digits were 
Were ee omy by means of a lettering set, and 
593 in. high. 
a 6 Xm for redundant number stimuli (RN) was 
21 nd КАЙР at Ве card with an integer between 
the ed TUE ee aa ink аъ пе position 
Position would pes D кз 5 ee p P 
his yielded Я А py c deck of dot stimuli, 
WORSE 1 a per! ect correlation between number 
either e and the distance of the number from 
unifor кы edge of the card. Digits were drawn 
195 mly by means of a lettering set and were 
1. high. 
Subjects and design.—The Ss run in 1970 and 


on 


1971 were 80 undergraduate men and women from 
the University of the Pacific and 40 undergraduate 
men and women from the University of California 
at Davis. In order to bring the total to 176 (22 Ss 
in each cell of the design), 56 answer sheets were 
selected, randomly within cells and distributed 
fairly evenly across conditions, from Janke (1968). 
These answer sheets gave the responses of under- 
graduate men and women at Sacramento State 
College who had served as Ss in 1967. As men- 
tioned, the same stimulus materials were used for all 
of these Ss and procedure and instructions were 
identical, with the exception that Ss run in 1967 
were paid $1.50 for their participation and later 
Ss were unpaid. Each 5 of the 176 served in one 
condition of a 4 X 2 factorial design. These factors 
were stimulus type (four levels) and instructions 
(two levels). 

Procedure and instructions.—The Ss were run in 
pairs seated side by side at a table upon which, 
about 3 ft. away, а card rack was displayed. They 
were prevented from seeing one another's answers by 
means of a screen. The E stood behind the table to 
place cards one at a time in the card rack; another 
screen hid the pile of cards from Ss until the time 
they were displayed. The order in which experi- 
mental conditions were to be run was determined 
randomly prior to the experiment and Ss were as- 
signed to these conditions in the order of their 
appearance at the laboratory. 

Each 5 was given two dittoed answer sheets, 
stapled together, with spaces for 400 answers. 
Then either Cue or Neutral instructions were read 
aloud by E. Neutral instructions told 58 that each 
card was either a 1 or a 2 and that they should write 
1 or 2 in the corresponding space on the answer 
sheet, without hesitating, whenever they were shown 
а card. They were told that although at first they 
would be guessing, they would learn about the cards 
with experience. They were also told not to worry 
about getting every answer right, just to try to do 
as well as they could on the average. Cue instruc- 
tions gave this information plus the fact that, on the 
average, cards that were 2s had dots farther to the 
right (higher numbers on them) than did cards 
that were 15. Instructions to RN Cue Ss mentioned 
number magnitude only, not spatial position. After 
5s had indicated that they understood the instruc- 
tions, the first card was shown in the card rack; they 
wrote their answers and were then told by E 
whether the card had been a 1 ora 2. From then 
on, the procedure was paced by .Ss, through the deck 
of 400 cards. This always took less than an hour. 

After all the cards had been shown, Ss run in 1970 
and 1971 were asked what hypothesis they had last 
been using; RN 55 were asked which they had paid 
most attention to—the numbers themselves or their 
position on the card—and N and RN Ss in the Cue 
instruction condition were asked what the average 
number was. The Ss run in 1967 were asked only 
how the 1s and 2s were arranged along the stimulus- 
position continuum. 
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Мопор та response Srequency.—The op- 
timal response frequency is the number of 
S's chance of 
» Of giving an answer 
which agrees with E's feedback. In general, 
for this task, it is the number of responses 


to stimuli falling to the left of the 
Point at which the two stimulus-position 
distributions intersect, plus the number of 
responses “2” to stimuli falling to the right 
of this point, Nonoptimal response fre- 
quency is the Teverse—the number of re- 
sponses which minimize S's chance of 
“correctness” by assigning a 1 to stimuli 
at the right of th 


é 1 he intersection point or a 
2 to stimuli at the left. те Was used as the 


response measure in this Study for con- 
venience in calculation, and may be likened 
to a measure of errors, 

Nonoptimal response frequency is for 
this study the number of responses “2” to 
stimuli having a stimulus Position of 21 or 
less (41 for numbers) and Ol responses “1” 
to all other stimuli; N i 
frequencies were fou 
trials and means for 
conditions were plotted for Cue (Fig. 1) 
and Neutral (Fig. 


2) groups; nonoptimal 


al response fri 
under Cue instructions, blo: 


€quency for stimulus groups 
cks of 50 trials. 


response totals for the last 200 Шар ЧАН 
analyzed. Previous studies (e.g., Јаши 
1968) have shown that by the Rl e tive 
of 200 trials, Ss have reached rela E 
stability of response, and analysis was E 
Stricted to these data for the purpose f 
comparison with other studies of pem 
totic response in ambiguous CA tasks d 
externally distributed stimuli (Lee & Jank 2 
1964; 1965; Lee & Zentall, 1966). Vip 
and standard deviations of epe 
Tesponse frequencies over the last 206 
trials for stimulus groups as a function О 


TABLE 2 


MEANS AND STANDARD DEVIATIONS or 
NoNorriMAL RESPONSE Scores, Last 
Two HUNDRED TRIALS 


Instruction 
Stimuli Cue Neutral 
d SD M SD 
D 31.9 15.5 59.8 25.2 
iD 36.8 21.9 71.5 25.8 
RN 47.7 227 69.1 30. 
N 39.4 174 86.5 22.7 
| t 
y Abbreviations: D < stimuli, ID = irrelevan 
dot stimuli, RN шор: D = RUNE N = number 
stimuli, 


VARIABLES AFFECTING AMBIGUOUS CONCEPT ATTAINMENT 25 


јен 
EN USE 

се ee 

e Ve LAS 
SEE A T 9 
< 20 N 
== ON 
5 c.g o 
Lio +N ° 
1 
z4 A RN 
Sous o ID 

g «D 

^L 

a 


[ые "z 12 


T 
d 
ELLEI, E. 


tA 


A 
== Хо 


МЕКЕ д кы 


SS eS 


oa pou 


50-TRIAL BLOCKS 


Fic. 2. Average nonoptimal response frequency for stimulus groups 
under Neutral instructions, blocks of 50 trials. 


Mstructions are shown in Table 2. If Ss 
nad Probability matched at each stimulus 
enn (probability micromatching ; Lee, 
), their score would have been 54 (27% 
9hoptimal responses). 
(2 poer to proceed with the analysis, it 
ihe A ind necessary to determine whether 
n Aree populations of Ss, run at different 
\ nes by different Es, were sufficiently com- 
Parable for their results to be combined. 
n analysis of variance for unequal sub- 
серада as described by Walker 
E ev (1953, p. 381), was performed for 
sa ша, response frequencies over the 
ж 00 trials. This analysis was in the 
NS огазхв8 factorial design, with 3 
а of Si population and 8 levels of 
RM us-instruction condition. Only the 
pP effect of conditions was significant, 
e " 152) = 13.39, p< :001, and there 
5. m significant interaction. Variances 
па as means of the 3 S populations 
Me здравые, Fmax = 1.09, Ё = 3, and 
e the larger of the two us. 
по oces of the eight stimulus-instruc- 
oe were abe not significantly 
She = » Fmax = 3:93, k = 8, m == 21." Tt 
oncluded that analysis of variance 
could be performed on the combined data. 
his analysis showed a significant effect of 


cl 


instructions, F (1, 168) = 87.87, p < .001, 
and of stimuli, Ё (3, 168) = 4.44, p < .01. 
The interaction approached significance, 
F (3, 168) = 2.40, p < .10. Cue instruc- 
tions (39.0 or 19.5%) were associated with 
better performance than were Neutral in- 
structions (71.7 or 35.8%). With respect to 
stimulus effects, Newman-Keuls tests for 
differences between treatment means, with 
MS, = 535.98, revealed that Group D 
(45.8 or 22.9%) was superior both to N 
(63.2 or 31.6%), р < .01, and to RN (58.4 
or 29.2%), р < .05. Groups №, RN, and 
ID did not differ significantly. 

Since the F for interaction between 
stimuli and instructions was above the 
.10 level, it was decided to test for differ- 
ences among stimulus groups at each in- 
struction level, using the Newman-Keuls 
procedure. Cue groups did not differ 
significantly among themselves. For Neu- 
tral groups, N (86.5 or 43.2%) was signifi- 
cantly inferior both to RN (69.1 or 34.6%)» 
p < .05, and to D (59.8 or 29.9%), p < .01. 

Estimates of average number: Cue groups. 
—The Ss in М and RN groups run under 
Cue instructions in 1970 and 1971 were 
asked at the end of the experimental 
session to estimate the average number in 
the set of numbers shown to them. Some 
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55 run in 1967 offered estimates of the 
average number also, so center estimates 
were received from 18 Ss in each group, or 
a total of 36 Ss. The actual average of 
presented stimuli was 41.5; the mean 
estimate of Ss in Group N was 38.5 and 
that of Ss in Group RN was 40.0. The 
difference in average estimates for the two 
groups was not significant. The variance 
of center estimates was 12.24 for Group N 
and 4.44 for Group RN; this difference was 
significant, F (17, 17) = 2.76, p < .05. 
Reported attention to redundant informa- 
tion.—The Ss in RN groups run in 1970 
and 1971 were asked at the end of the ex- 
perimental session whether they had paid 
more attention to what the numbers were 
Or to their position on the card (RN 
Neutral) or whether they had paid atten- 
tion to where the numbers were on the card 
and used this information (RN Cue). The 
forms of the questions were slightly different 
because Ss in Neutral groups had been 
told nothing in the instructions regarding 
position or number magnitude, while Ss 
in Cue groups had been told that nu- 
merically lower numbers were usually 1s 
and numerically higher numbers usually 25. 
In the RN Neutral group, 15 Ss responded. 
There Was an inverse monotonic relation- 
ship between their reported use of the posi- 
tion cue and their nonoptimal response fre- 
quencies. For Ss who reported paying 
attention mostly to where the nun 
on the card ( = 2) the 
nonoptimal responses was 24 (12%); for 
5 who reported using position and number 
equally (n = 3) it was 57 (28.5%) ; for Ss 


nbers were 
average number of 


T to position nor to 
8 randomly (n = 2), 

n extension of the 
at the relationship 


optimal response Score and S's 
report was significant, х? (3) = 7.83, р < 


:05. (Of the 8 Ss Who reported that they 
paid attention to what the numbers were 
rather than to where they were, only one 
claimed that a hypothesis based on nu- 
merical magnitude was his last-used hy- 
pothesis. The Ss who paid attention to 
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position, on the other hand, were forced 
to use left 25. right as a cue, since this was 
the only way in which position varied. 
The 2 Ss who claimed to have paid atten- 
tion primarily to position explicitly re- 
ported left os. right as their last-used 
hypothesis, as did 1 of the 3 Ss who re- 
ported paying attention to number and 
position equally.) In the RN Cue group, 
17 Ss responded ; 12 reported using position 
аз а cue, and 5 claimed to have paid no 
attention to position. The mean non- 
optimal response score for the former group 
was 36.1 (18.0%) and for the latter group 
it was 70.4 (35.2%). This difference was 
significant, 4(6) = 2.94, р < .025. 


DISCUSSION 


The results of this study support the con- 
clusion that instructional differences can be an 
important factor in an ambigous CA task. 
Performance under Cue instructions is superior 
to that under Neutral instructions, and there 
is a suggestion that Cue instructions may be 
especially helpful to Ss categorizing the most 
complex stimuli (nonredundant numbers). 
This is consistent with Haygood and Bourne's 
(1965) finding that Ss required to learn both 
the rule and the set of relevant attributes in à 
deterministic CA task were handicapped with 
respect to Ss told either of these at the outset. 
The Cue instructions used here informed Ss 
both of the relevant attribute and of a rule 
to guide their assignment of responses to values 
of that attribute, 

It may seem surprising that this instructional 
effect persists through the last 200 trials, as 
one would perhaps expect that all Ss, whether 
cued or not, would have discovered the rel- 
evancy of stimulus position by this stage of the 
task. It is Perhaps true that Neutral Ss 
hypothesize a relationship between stimulus 
Position and response category; but, if so, 
they apparently tend, more than do Cue Ss, 
to discard the hypothesis as having too many 
exceptions to be correct. Cue Ss, on the 
other hand, have been given this hypothesis in 


the form of a rule by E, and therefore may be 
Considerably le 


these latter Ss, 
rule through th 
evant) cues inst 
^0 5 gave zero nonoptimal 


only two closely approached 
performance, 


Stimulus factors made a difference here as 


responses, and 
this level of 
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in earlier studies (e.g., Lee & Janke, 1965); 
categorization of dots remained superior to 
categorization of numbers. The quantity of 
irrelevant information contained in number 
stimuli was probably not the critical factor in 
the inferior performance of number-cate- 
Sorizing Ss under the conditions of this ex- 
periment, although it may have contributed 
to the difficulty of the task. This is inferred 
from the fact that four bits of irrelevant in- 
formation did not significantly degrade the 
performance of Ss categorizing dots. This 
finding is puzzling. Although two recent СА 
studies (Byers & Davidson, 1968; Dominowski, 
1969) have reported a decremental trend but 
10 significant effect of added irrelevant infor- 
mation, the bulk of the evidence (e.g., Walker 
& Bourne, 1961) shows a linear decrement in 
CA with increases in irrelevant stimulus in- 
formation. It seems possible, however, that 
under some experimental conditions the effect 
9f quantity of irrelevant information levels off 
after а critical value has been reached, so 
that for some large » and relatively small Ё 
the effect of » + k bits of irrelevant informa- 
tion is not much greater than the effect of n 
bits, Such conditions might obtain in a situa- 
tion where Ss have more irrelevant information 
(0 process than they can deal with in the time 
allowed, so that they cannot in general reach 
full attainment of the concept. This may 
have been the case in the present study in that, 
first, the probabilistic feedback insured that 
No errorless solution would be found. This 
led Ss, as they reported, to resort to the use 
9f irrelevant reinforcement-sequence cues and 
to random guessing, presumably determined 
by some set of irrelevant internal cues. Such 
irrelevant cues were available to all 55, in- 
cluding those in Cond. D, which ostensibly 
involved no presentation of irrelevant infor- 
mation. Second, the experiment terminated 
after a fixed number of trials, and at the point 
of termination no S had stabilized at 100% 
Optimal responses, although 2 of the 176 Ss 
Save 95% or тоге optimal responses over the 
last 200 trials. These conditions may account 
for the finding that the four added bits of 
irrelevant information in Cond. ID were not 
Significantly detrimental to performance. 
E different explanation for the equivalence 
D and ID might be that restriction of the 
analysis to the last 200 trials is responsible 
in that the four irrelevant dimensions máy 
have been tested and discarded before this 
ae However, one would then expect the 
peng between 10 and D in the first 200 
als to have been greater than in the last 


200, perhaps reaching significance. This was 
not the case; ID and D scores were closer 
together in the early trials than in the later 
ones for both Cue and Neutral groups (Fig. 
1, 2). Moreover, in both instruction groups, 
ID Ss' reports of their last-used hypotheses 
commonly included mention of irrelevant 
stimulus cues, so use of these cues apparently 
had not been abandoned. 

Still another hypothesis might be that binary 
irrelevant dimensions lack the salience of 
quasi-continuous dimensions, thus providing 
little distraction for Ss. This is entirely 
possible and deserves study, although Ss' 
reports mentioned above indicate that for 
many Ss (at least 40%) the irrelevant cues 
were still in use at the end of the experimental 
session. 

In the present study, there was no reliable 
difference among stimulus groups in the Cue 
condition. Lee and Janke (1964), on the 
other hand, found significantly inferior per- 
formance with numbers as compared to dots 
under Cue instructions. There were other 
differences in results between the two experi- 
ments; dot-categorizing Ss in the 1964 study 
performed close to the optimal level (about 
6% "crossover choices," a measure similar 
to nonoptimal responses), while in the present 
study, D Cue Ss gave, on the average, 16% 
попор та! responses. The N Cue Ss in the 
present study gave 20% nonoptimal responses; 
number-categorizing Ss in the Lee and Janke 
(1964) study gave an average of around 15% 
crossover choices. These differences, both in 
overall performance level and in the dot- 
number discrepancy, may be due in part to 
the fact that the two stimulus-position dis- 
tributions used by Lee and Janke (1964) did 
not overlap as extensively as did the distribu- 
tions used here. The discriminability index, 
а = (Ms — Mi)/o, was 1.50 for the earlier 
study; here it was 1.25. This means that Ss, 
in following the rule given by the Cue instruc- 
tions, would make fewer apparent errors (agree 
more frequently with E's feedback) under the 
conditions of the earlier study. It seems likely 
that Ss, having been told this rule, still search 
for useful supplementary cues (stimulus cues 
for number-categorizing Ss, reinforcement 
sequence and internal cues for all Ss) in trying 
to reach what is to them a satisfactory level of 
performance. The fewer apparent errors they 
are making in following the rule, the shorter 
this search may be. A shorter search should 
improve performance generally since the sup- 
plementary cues are in fact irrelevant; it may 
also improve the performance of dot-categor- 


8 


izing Ssto a greater extent than that of number- 
categorizing Ss, if the length of the abbreviated 
search remains proportional to the number of 
irrelevant cues available and if in addition the 
number of trials or time allowed is great 
enough for the performance-degrading search 
for a useful supplementary cue to be generally 
abandoned by dot-categorizing 55, but not by 
number-categorizing ones. This may have 
happened in the Lee and Janke (1964) study. 
Thus, depending upon such factors as „the 
overlap of the two stimulus-position distribu- 
tions, quantity of irrelevant information in an 
ambiguous CA task may be hypothesized to 
have a greater or lesser effect on performance. 
This hypothesis seems to warrant further study. 

A clue to the cause of the difference in the 
present study between performance with dot 
stimuli and performance with number stimuli 
is offered by the finding that under Neutral 
instructions, redundant position information 
improved the categorization of numbers. 


istic CA studies (e.g., Bourne & Haygood, 


1959). For optimal performance in the 
number Categorization task, it was necessary 
first to hit upon the idea of dividing the range 


of numbers at some central number and second 


vhat this central number was, 
nt was somewhat abstract; 
ncrete when stimuli could 
у їп their actual physical 
Positions from right (of center) to left on а 
card, This added concreteness, leading to 
Increased salience of the relevant dimension, 
may have facilitated Ss! meeting of the first 
requirement, either through attracting their 
attention to the dimension of numerical mag- 
nitude or through leading them to ignore the 

г ; considering them merely 
as marks varying in position, The center of 


the card, mor , а natural dividing 
point, probably facilitating the meeting of the 


à Some Support for these 
speculations comes fro findings that RN 


] ition as а сце had fewer 
nonoptimal responses than th 


(which were the only ones asked 
average number magnitude), vari 

i 5 considerably 
categorizing numbers tha 
redundant numbers, Jti 
the central tendency 
Presented singly in га 
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Janke (1964) compared their dot-categorizing 
Ss with Ss who were shown the usual number 
stimuli and instructed merely to respond “1 
if the stimulus was below the median of all 
stimulus samples seen, and “2” if above. Dot- 
categorizing Ss were still significantly superior, 
as measured by percentage crossover choice. 
The finding that relevant redundancy had 
no facilitating effect in the Cue condition is 
of some interest. There is no significant differ- 
ence between N Cue and RN Cue groups, 
and in fact the trend over the entire 400 trials 
is toward inferiority of RN Cue Ss (Fig. 1). 
One would expect that RN Cue Ss would be 
somewhat superior to N Cue Ss, due to facilita- 
tion in finding the center of the number range. 
Since all Cue Ss knew the relevant dimension 
from the outset, this effect would probably 
show itself most clearly during the earliest 
blocks of trials, and Fig. 1 does indicate that 
nonoptimal response frequency levels off more 
rapidly in Group RN Cue than in Group N 
Cue, which continues a marked improvement 
over the first 200 trials. The lack of superi- 
огу of Group RN Cue, even in the earliest 
trials, may have stemmed from the operation 
of an opposing factor, such as confusion or 
added impetus to hypothesis testing in the 
presence of another stimulus dimension. But 
this seems unlikely in view of the superiority 
of RN Neutral Ss over N Neutral Ss and the 
lack of a reliable effect of four added irrelvant 
dimensions on dot categorizing. 
In conclusion, it seems that a lack of 
salience of the number-magnitude dimension 
and, secondarily, difficulty in determining the 
Center of the number г 
factors accounting for the 
of Ss trying, under the conditi 
study, to attain an ambiguously defined con- 
cept based on numerical magnitude. 
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BINOCULAR RELATIONSHIPS IN A SIZE AND COLOR 
ORIENTATION SPECIFIC AFTEREFFECT ! 


GERALD M. MURCH? 
Portland State University 


The McCollough Effect, an orientation- 
monocularly using the aftereffect inspec 
Sutton oriented vertically on a red groun 


pattern oriented horizontally 
and the McCollough Effect 
zontally oriented test patterns pr 
inspection or presented to the oppi 
ocular transfer as it occurred in b 
was observed only in the same ey 
to mean that the McCollough ЕЁ 
separate from orientation- 


The McCollough Effect, 
specific color aftereffect, fir 
Celeste McCollough (1965), 
apparent greenish coloration 
tern of horizontal lines and a reddish 
coloration of a test pattern of vertical lines 
after O has watched inspection patterns of 
vertical lines on a green background alter- 
nate several times with a pattern of hori- 
zontal lines on а red background. 


an orientation- 
St observed by 
consists of the 
of a test pat- 


and 
Specifically, she 


| ‹ tors were both 
color coded and sensitive to fatigue after 


prolonged stimulation, he repetitive 
presentation of а Pattern of red, horizontal 
lines would render the horizontal detectors 
sensitive to red such that a subsequent 
test pattern of horizontal lines on white 
would be processed by the unadapted 
detectors. Thus the pattern Would appear 


at edge detec 


1 This research was supporte, 
NSF GB 11817 from the Nati, 


d by Research Grant 
tion, Division of Psychobiol, 


onal Science Founda- 
logy. 


d be sent t Сега 
Murch, Department of Psych а M. 


4 ology, Port; Sta 
University, Portland, Oregon 97207, ane State 


ect involves color adaptation at a visual locus 
specific receptors. 


greenish. Conversely, the prolonged pre- 
sentation of green vertical should serve to 
fatigue the green vertical detectors and 
cause the neutral test pattern of vertical 
lines to appear tinged with red or pink. 
Several other explanations of the 
McCollough Effect have been offered. 
Harris and Gibson (1968) developed a 
hypothetical Sensory unit, the dipole, which 
responded to differences in the intensity of 
stimulation to the respective poles of the 


unit. Stromeyer (1969) has elaborated 
upon the model of McCollough and assumes 
that the color. 


coded edge detectors are 

organized as opponent Process units sensi- 
tive to vertical and horizontal edges as well 
as color pairs (e.g., green/red). Character- 
Istic of these models is the assumption that 
the adaptation for color and/or line orienta- 
tion occurs within à single Sensory unit. 
owever, more recent research by Hubel 
and Wiesel (1968) reveals that color-sensi- 
tive elements and edge detectors may be 
located in two distinct anatomical areas of 
the visual System. In their study of the 


primate, da preponderance of 


lor cells in the lateral 
(LGN), while in the 


E ) to propose that the McCollough 
“fect may well be the result of color 


adaptation in conjunction with a specific 
me orientation rather than as a result of 
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.NTIONSHIPS IN FIGURAL AFTEREFFECT 


Test 


T 
Ш 


. Inspection and test patterns (after Blakemore & Sutton, 1969). 


ada > 
as Ptation of color-coded edge detectors 


S. ron posed by McCollough (1965) and 
The pe (1969). 
he Present experiment sought to test 
m Possibility that the color adaptation in 
th IcCollough Effect does not take place 

a AER edge detectors. A technique for such 
Blak t suggests itself from the research of 
"'*emore and Sutton (1969), who have 
aire te a new type of size aftereffect. 
One. Saw d a pattern of wide lines on 
oH the i à fixation area with narrow lines 
О А her half. A test figure of lines of 
mer. Puy on the left and right was 
рг om to appear narrower on the side 
tios: usly stimulated by the wide inspec- 
ines while the area initially stimulated 


by the narrow lines of the inspection grid 
appeared wider on the test pattern. Be- 
cause this aftereffect can involve either 
vertically or horizontally oriented grids, it 
might serve as the lined pattern for a 
McCollough Effect. 

By alternately presenting a vertically 
oriented inspection figure of half wide and 
half narrow lines on a red background with 
a horizontally oriented figure of wide and 
narrow lines on a green background, one 
could test for the appearance of both the 
figural aftereffect and the McCollough 
Effect. Through the presentation of the 
inspection patterns to one eye and the test 
patterns to the other, unstimulated eye, 
one could test for the interocular transfer 
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TABLE 1 


ZE AFTEREFFECT AND 
THE Ss REPORTING THE SIZE AFTEREFFECT E 
McCoLLovcH EFFECT UNDER CONDITION 1 
AND CONDITION 2 


Test group N Percentage 
Ss reporting size aftereffect 
| 
Cond. 1 
Vertical 20 83 
Horizontal 20 83 
Cond. 2 
Vertical 21 87 
Horizontal 17 71 
5s reporting McCollough effect 
Cond. 1 И 
Vertical 14 58 
Horizontal 11 46 
Cond. 2 
Vertical 1 4 
Horizontal 1 4 
Note.—Cond. 1: inspection and test to same eye, n = 24; 
Cond. 


+ inspection and test to different eyes, n = 24. 


of both the figural aftereffect 


and the 
McCollough Effect. 


If. the McCollough 
Effect is mediated by color-coded edge 
detectors, one Would expect either a trans- 
fer of both effects or of neither, depending 
Upon whether or not these units are 
binocularly or monocularly driven. The 
transfer of one ог the other effect would 


necessarily imply that the adaptation for 
edges and for color takes place in separate 
portions of the visual system. 


METHOD 


и Two 35-mm. slides we 

gures used by Blaker 
; these are shown in Fig. 1, 
slides of their test figures, h 
were projected via Kodak С; 5 
One figure was projected in i 
and passed through а \ү 
while the second inspectio, 
oriented and passed throu: 
filter. Neutral density 


chromatic filters and the luminance equated at 10.0 
ftc. at the viewing screen, The two achromatic test 
patterns were also Projected, one oriented verti 
and the other oriented horizontally, i 
nance levels were matched 
were obtained by placi 
photometer (International Li 


еге prepared of 
more and Sutton 
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visual angle at the eye of S seated 3 m. from the 
white cardboard projection screen. The four 
projectors were located on a pair of shelves above 
and behind S. DA 4 
For the inspection patterns, the wide lines suai 
tended 22’ of arc while narrow lines each subtende 
10'of arc. For the wide portion this represented E 
line density of 1.37 lines per degree of visual anei 
and 2.97 lines per degree for the narrow portio i 
The two test patterns shared the same ved 
dimensions with a line width of 16" of arc and a lin 
density of 1.83 lines per degree of visual angle. 


Subjects and. procedure.— The. Ss were 48 student 
volunteers from a psychology of perception course. 
None of the 55 were familiar with either the BIZE 
aftereffect or the McCollough Effect. Prior 5 
participation in the experiment, all Ss were test 
via the Devorine plates for color weakness and given 
2 hr. of practice matching filters with the mel 
colorimeter described in detail by Murch (in Dresd 

The 55 were randomly divided into two Pr 
For Group 1 both the inspection patterns and the 
test patterns were presented to the left eye. es 
the entire experiment .S wore an eye patch over the 
right eye. For the 24 Ss of Group 2 the inspection 
patterns were presented to the right eye and the tes! 
patterns to the left eye. During inspection an Re 
patch was worn over the left eye and changed prio! 
to testing to the right eye. 

Within each of the major groups, Ss were further 
subdivided. For one-half of the Ss within each 
group, the inspection stimuli consisted of the vers 
tically oriented inspection figure with the wide lines 
at the top on a red background, This was alternate 
with the same inspection figure hor доп Шу oriented 
оп а green background with the wide line to the left. 
Each figure was shown 30 times centered on the 
projection screen with Ss instructed to confine their 
gaze to the fixation area in the center of the figure. 
The duration of each figure was 15 sec., with a 1-sec. 
interval between figures. After the last presentation 
of the inspection figures, Ss sat in the dark for 5 min. 
and then were shown either the vertically oriented 
test pattern or the horizontally oriented pattern. 
Each S was asked to: (a) judge which grid of the 
test pattern appeared more narrow (left versus right 
ог up versus down); (b) name any color seen in the 
White area between the black lines of the test 


pattern; and (c) match any perceived color via the 
projection colorimeter, 


After making 


these three judgments on the first 
test pattern, that pattern was turned off and re- 
placed by the other test pattern. All Ss judged both 
patterns. Half of the Ss within each group judged 
the vertically oriented test pattern first, while the 
other half responded to the horizontal pattern first- 
Also within the two main groups, half were show? 
the vertically oriented inspection pattern with the 
wide portion on the bottom and the wide portion 0 
the horizontal pattern on the right. The green an 
red backgrounds were always the same on the 
horizontal and vertical figure, respectively. 


ЧЕ л ететт ара E D E 
Ёз | 


BINOCULAR RELATIONSHIPS 


RESULTS 


The results for the two groups in terms of 
ү number of .Ss reporting the size after- 
E ind „the McCollough Effect are 
aa EC in l'able T. E Neither the order nor 
ee (wide lines on top or 
Ni un affected the judgments of the two 
m patterns. "Therefore in Table 1 the 
Cgments of all Ss within each group were 
combined. у 
Bu. a little more than half of the Ss 
Ая ап interocular transfer of the color 
am ect, only one S indicated coloration 
M et cen patterns in the contralateral-eye 
Ns + ү ition. This .S reported that he 
үс ry unsure of any perceived color and 
ss in fact guessing. The finding that 
M half of the Ss report the McCollough 
th ect conforms to previous results with 
€ effect (Murch, 1969). 
E mean and standard deviation of 
UN rotes for тен and horizontal 
МЫ patterns in CIE xy coordinates are 
Por ted in Table 2 for the two conditions.’ 
E x,y matches for the same eye in- 
E un and test condition (1) indicate a 
a jh match for the vertical test pattern 
NW mi ОШ for the horizontal test pattern 
ire E the matches for Cond. 2 (test and 
ER ара to different eyes) are very 
m for each test pattern. 
о renoes between the matches of the 
each ^ and horizontal test patterns for 
Corel; were compared via t tests for 
Y ated observations (one-tailed) using 
ci. resultant vector (vectorial addition 
the and y) and the tangent (sind/cosé) of 
jr matches, For Cond. 1 in which the 
4 nun and test patterns were presented 
~ Le same eye, both the vector, / (20) 
i e р < .05, and the tangent, 
Me fee p < .005, indicated that 
and 5 orimetric matches for the vertical 
Cant Po atom test patterns were signifi- 
ed ifferent. For Cond. 2, in which the 
res on pattern and test patterns were 
| ented to different eyes, no difference in 
dimen zi in each experimental group experienced 
atching perceived colors with the pro- 


Jection i 
colorimeter. As their matches differed 


Substantially f 
in the SR the other Ss, they were deleted 


N FIGURAL AFTEREFFECT 33 
TABLE 2 
MEANS AND STANDARD DEVIATIONS OF 
CoLORIMETER MATCHES 15 CIE x AND 
у COORDINATES OF (CHROMATICITY 
SPACE 
Vertical test pattern | Horizontal test pattern 
Statistic 
x У x 2 
Сопа. 1 
X 2223 | .5226 | .2227 | 4904 
SD 087 138 .067 .016 
Cond. 2 
xX 2225 5104 .2226 .5100 
SD 113 427 .100 .168 


the matches for vertical and horizontal test 
pattern were found, vector, ((20) = — 329, 
p > 0, and tangent, ((20) = .088, p > .10. 


DISCUSSION 


The results of the experiment support the 
contention that the color and line adaptation 
observed in the McCollough Effect occurs at 
different points within the visual system. The 
size aftereffect readily displayed transfer while 
the McCollough Effect was observed only 
when the test pattern was presented to the 
same eye stimulated during inspection. 

These observations are commensurate with 
the physiological data of Hubel and Wiesel 
(1968) in which color-coded cells were found 
to predominate in the primate LGN, while 
orientation-sensitive units were located in the 
cortex. The LGN color-sensitive receptors 
were monocularly driven, while the cortical 
orientation units responded to input from 
either eye. Because these data parallel the 
known attributes of the visual system as ob- 
served by Hubel and Wiesel (1968), they 
support the model of the McCollough Effect 
proposed by Murch and Hirsch (in press) 
based on these observations. This model 
holds that the McCollough Effect arises aS а 
result of adaptation of opponent process color 
receptors located in the LGN which feed into 
orientation-sensitive units in the cortex. After 
prolonged viewing of vertical lines on a green 
ground, adaptation for green occurs for those 
units feeding into or associated with vertical 
orientation sensitivity. During subsequent 
testing a neutral pattern of vertical lines is 
processed through fatigued color receptors 
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and hence appears reddish. A similar process 
occurs simultaneously for the red, horizontal 
inspection pattern. As the color-sensitive 
units are monocularly driven, presentation of 
the test pattern to the unstimulated eye does 
not produce the McCollough Effect as the 
fatigued color units are not used in processing 
the test pattern. 

From these results the conclusion seems 
warranted that the McCollough Effect is 
neither an afterimage nor an aftereffect of the 
kind involved in size or figural aftereffects. 
It is not an afterimage, as the color adaptation 
does not occur in the retinal color receptors by 
nature of the fact that the two inspection 
patterns are presented to the same portion of 
the retina alternately, Further, the work of 
Hajos (1968) has shown that the perceived 
colors of the McCollough Effect are not the 
oked as an afterimage 
ion patterns are used to 
Finally, Murch (1969) 
found that the McCollough Effect does not 
as does the comple- 
and Murch and Hirsch 
ta complementary after- 
the inducing stimulus for 


mentary afterimage, 
(in press) showed tha 
image could serve as 
a McCollough Effect. 


The McCollough Effect also fails to fall into 
the Classification of an aftereffect. It shows 
no binocular transfer, Furthermore, the effect 


Probably oes not involve a fatiguing of 
orlentation-sensitive units as produced in the 
figural aftereffect, but rather, in 


the 
McCollough Effect, the orientation-specific 
units Serve to convey the effect due to their 
f lined. test pattern 
usly adapted color units, 


effect could be established for a vertically and 
horizontally oriented inspection figure simul- 
taneously. "This observation would support 
the contention that the aftereffect is mediated 
by the adaptation of two separate and inde- 
pendent orientation-specific units. 
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MORALITY JUDGMENTS: 


TESTS OF AN AVERAGING MODEL? 


MICHAEL H. BIRNBAUM ? 


University of California, Los Angeles 


Pairs of items describing objectionable behaviors were rated for their overall 
morality. Contrary to additive or constant-weight averaging models, the 
ratings were demonstrated to depend upon the range as well as the average 
scale value of the component behaviors. A range model accounted for more 
than half of the variance left unexplained by the additive models. One inter- 
pretation of the range effect postulates that each component stimulus produces 


a distribution of values. 


The value of the stimulus combination is assumed 


to be the mean value in the overlap of the component distributions, which is 
closer to the item with the narrower dispersion. 


ү о> immoral is it to both “pocket the 
Wait je Previous customer left for the 
Cae and “poison your neighbor s dog 
(19681 barking bothers you? Anderson 
infor ») has suggested that 55 combine 
ah, Mation by averaging psychological 
stimu associated with each component 
i ulus, . Thus, 5 independently assesses 

morality of pocketing the tip and the 
E Uy of poisoning the dog and then 
, ages his two assessments to arrive at 
the Veral rating. According to this view, 
Sim оа value of the whole is 
d an average of the psychological 

es of the parts. The theory is a special 


са e 
jj of a general additive model (Rosen- 
8, 1968), which can be written: 
Хук = 22 Wre + 6 [3:5] 
k=O 


Wh Р 5 

of me МУ јашу is the psychological value 

Ds le combination of z stimuli, s; is the 
Ychological value of stimulus #, s, and 
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то, are the scale value and weight of the 
initial impression, and c is an additive 
constant. In the usual application of such 
models, the weights, wx, are assumed to be 
independent of the scale values, and the 
effect of each stimulus is assumed to be 
independent of the other stimuli with which 
it is presented (Anderson, 1970). The 
constant-weight averaging model (Ander- 
son, 1968b; Rosenberg, 1968) is a special 
case of the additive model and requires the 
additional assumption that the weights 
sum to unity. 

The overt response, №... к... 18 assumed 
to be a monotonic transformation, J, of the 
psychological impression values: 


Ri. [2] 


Since J is usually assumed to be linear, 
analysis of variance may be applied directly 
to the responses obtained in a factorial 
experiment to test the general additive 
model (Anderson, 1968b, 1970, 1971). 
These models predict no interaction be- 
tween component stimuli, and the test for 
interactions provides a test of all of the 
special cases of this model including both 
additive and constant-weight averaging 
models. 

These models have provided a good fit 
to the data obtained in previous studies 
using verbal stimuli (Anderson, 1968b, 
1971;Slovic & Lichtenstein, 1971) and have 
received some support in studies using 
psychophysical stimuli (Anderson, 1970; 
Slovic & Lichtenstein, 1971). However, 
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TABLE 1 
MORALITY VALUES FOR THE 16 COMPONENT ITEMS 
s Thurstone 
Item Item joda sp | Phurstene Тошо 
no. 
1 | Keeping a dime you find in a telephone booth.» 8.79 68 5.50 19) 
2 | Playing poker on Зипдау ~“ 8.78 84 520 154 
3 | Cheating at solitaire. X 7.89 1.58 3:08 150 
4 | Wearing shorts on the street where it is illegal.d 5 | 78 1.43 eh 152 
5 | Stealing a loaf of bread from a store when you are starving.4 7.75 1:73 t 151 
6 | Registering іп а hotel under a false name. 7.70 1.83 3 49 123 
7 | Stealing towels from a hotel.» T" 7.25 1.65 2.91 ` 
8 | Failing to pay your bus fare when the conductor overlooks Р 
Somo Pay y 7.04 1.74 2.78 ГАТ 
9 | Failing to put back in the water lobsters which are shorter 1.34 
than the legal limit.d 6.54 2.03 2.44 m 
10 | Getting your own way bv laying on other people's s /m- 
pathies b PE" шо: 5.78 2.05 2.08 1,31 
11 | Contributing money to a cause in which you do not believe E - 1.28 
in order to escape criticism sd 5.33 2.27 1.87 зе 
12 Роске пе the tip the previous customer left for the wait- 5 1.25 
Tess, 4.85 2.04 1.72 122 
13 Вам па out servants publicly,» 4.58 1.96 1.50 "m 
14 | Habitually borrowing small sums of money from friends and 21 
7 failing to return them, 4.32 1.77 1.40 1.2 
15 | Spreading rumors that ап acquaintance is a sexual per- 3 
уеп 3.27 98 85 1.13 
16 | Poisoning a neighbor's dog whose barking bothers yous«| 1,95 1.46 .00 1.00 
5 First item of Exp 


I 


b Second item ој 
© First item of Е; 
econd item of Е. 


1. 
xp. II. 


exceptions to the model have been obtained 
with Psychophysical stimuli (Birnbaum, 
Parducci, & Gifford, 1971; Parducci, Thaler, 
& Anderson, 1968). Birnbaum et al. 
(1971) Proposed a range model to account 
for interactions obtained in these experi- 
ments, 

The range model asserts that the psycho- 
logical impression of the stin 


ogical im nulus combina- 
tion is directly related to the range of the 
as well as the mean. For two 


; t and j, the model can be written : 
Vi = wsi + (1 — ш), 


ви Es, [3] 


where Y; is the impression 


of the pair, 2 


and о is an empiric: 
represents the magni 
effect. The scale val 
all have the Same sign, 

The present experiments Provide a test 


of the applicability of the genera] additive 


model to morality judgments and permit а 
comparison with the range model. 


METHOD 


In both experiments, Ss were instructed to read 
each pair of behavior items and judge "how wrong 
that Pair of actions would be in terms of your own 
personal set of values.” 

Behavior ilems.—Brief characterizations of 16 
immoral behaviors were selected from those used 
by Parducci (1968). "These single actions were 
judged by 81 undergraduates who made their ratings 
on a 9-point scale, The category labels were the 
Same as in Exp, IT below. The mean category 
judgments are Presented as the scale values in 
Table 1, along with the corresponding Thurstone 
Case 6 values (Bock & Jones, 1968), р. 

Subjects.—The. Ss were 219 University of Cali- 
fornia, Los Angeles, undergraduates; 81 Ss judged 
the single items for the preliminary scaling. There 
The 100 Ss in Exp. I and 38 ата iS Exp. IT 
The Ss were гип in groups of from 2 to 10 Ss each. 
Experiment I.—The stimuli consisted of 25 par 
of items produced from a 5X5 factorial design 
in which the first and second items could each oa 
five values, Table 1 lists these items. The 25 Wes 
Were printed in booklets in a single random eaters 
and Ss were instructed to read the entire list be 
making their judgments 
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labels: 


t 
"acted from 10 to reverse the scale. 


able 
hi 4 

m ghly questionable," 7—‘‘seriously wrong," 
factoria 


Prin А 
i"Dted in one of four random orders. 


Ог the seci i T "tems with 
each pa; cond replicate. The order of items within 


9n half of the forms. 


RxsuLTS AND DISCUSSION 

i Figure 1 plots the mean rating obtained 
af oth experiments against the best-fit 
«les of the averaging model. The model 
tted separately for each experiment by 
Cast-squares solution for the weights 


WL eae”, ESE eee eee ae P scm 
а Б == у} Ер 


OBSERVED MEAN ЈИОСМЕМТ 
a 
T 


А 
qk 

А 
3L : 

ar 

AES 
ee А EXP I R-.94 
+ EXP II R=.95 

l —1_ 1. 1 4 | 1. 
e 3 4 5 6 7 8 9 


PREDICTED (AVERAGING MODEL) 


Fig, 
* 1. Observed mean judgments as a function 
of averaging model predictions. 


|| 
Ce ratings were recorded in numerical form, 
-point scale anchored by five category 

able ia cde good nor bad," 3— "question- 
AERE not particularly bad or wrong, 5—"un- 
um та good person would not do this" 7— 
o Sd hly questionable,' 9—-"'seriously wrong.” 
qM ate comparison with related work, judg- 
5 obtained in both experiments were sub- 


t о ем II.—The two experiments differed in 
particu! ing of the response s ale and also in the 
бг Bx, sd pairs. The labels were adjusted 
оцу we a permit more categories at the “seri- 
У Wrong" end of the scale. The new labels were: 

not particularly bad or wrong," 3—‘undesir- 

› а good person would not do this," 5—"'wrong, 
Ye 
or tremely eviL" The stimuli of Exp. II consisted 
Pairs of items, produced from an 8 X 8 
Sh S design using all 16 items listed in Table ЈЕ 
à received a booklet in which the pairs were 

judged о. К [ Тһе Ss 
he aoe pair twice; the order of the pairs and 

er of items within each pair was reversed 


air on the first replicate was counterbalanced 


9 


878 
Be 


EXP.I 
F(I6, 1584)= 15.08 
т- 704 
533 
|| 
432 
Зи 


з 


1.95 
2} 


П zn {л ал —1- 
з 4 5 [SENT 8 9 


SCALE VALUE OF SECOND ITEM 


MEAN JUDGMENT 
e 
ITE 
SCALE VALUE OF FIRST ITEM 


Fic. 2. Mean judgment of each pair of be- 
haviors of Exp. I as a function of the scale values 
of the first and second items. 


and additive constant (c + 20,50) of Equa- 
tion 1, using the prior scale values of 
Table 1. Тһе multiple correlations for 
Exp. I and П were .938 and .952, respec- 
tively. These high coefficients indicate 
that the additive (or averaging) model 
provides a satisfactory basis for practical 
prediction, and they also reflect high 
reliability of the scaling. However, any 
model predicting that response varies 
directly with each of the component values 
would yield high correlations (Anderson, 
1968b; 1971). "Therefore, it is necessary 
to examine the deviations from the model. 

Figure 2 shows the mean judgments of 
the 25 pairs of Exp. I. Each curve repre- 
sents the mean judgments of five pairs 
with the same first item. The slope of 
each curve represents the effects of the 
second item; the distances between the 
curves represent the effects of the first 
item. According to additive (or averaging) 
models, the curves should be parallel. 
Instead, they diverge to the right. This 
divergence is characteristic of the individual 
data for 85 of the 100 Ss. The analysis 
of variance test of the interaction is highly 
significant, F (16, 1584) = 15.08, р < .001. 
This interaction is inconsistent with the 
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Fic. 3. Residuals from the best fit of the averaging model (following trans- 

formation) as a function of the ratio of the w 


value of the pair, 


general additive model (Equation 1) and 
therefore provides evidence against all of 
the special cases of this model (Rosenberg, 
1968). 

One possibility is that these interactions 
(deviations from additivity) reflect com- 
Pression of the response scale at the 
“seriously Wrong" end, i.e., nonlinearity 
in the function J of Equation 2. As a 
check on the possibility of this "eng" 
effect, all pairs containing either of the two 
items with the lowest scale values were 
removed from the analysis, which was thus 
reduced toa 4 x 4 design. The interac- 
tion remained highly Significant, F (9, 891) 
= 8.35, 2 < .001. 

Тће data of Exp. II Provided a second 
check on the response scale, Although the 
change in scale labels for Exp. II reduced 
the use of the lower categories (as shown 
in Fig. 1), the interaction had the same 
form as that of Exp. I and was highly 
significant, F (49, 1813) — 4.21, P < .001. 


ithin-set range to the mean scale 


Monotonic Transformation 


As a final check оп the response scale 
the responses were transformed to im 
sion values (Y in Equation 2) by th 
procedure described in Birnbaum et d 
(1971). This procedure assumes the vali É 
ity of the prior scale values and the 
validity of the averaging model for pair 
of minimal within-set range. The trany 
formation, which relates the judgments 0 
pairs to impression values on the prio 
scale, is then estimated as a poumons 
by a least-squares criterion. Althoug". 
this procedure permits radical rescaling! 
the best-fit transformation was fairly 
linear so that the interactions retain®” 
the same form and remained highly signifi 
cant. The finding that the ratings of pay 
of minimal Within-set range are linear 
related to the ratings of the single We 
Suggests that the failure of the add E 
and averaging models is not due to i 
Proper scaling of the responses. 
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each i i i i 
per. Since these residuals are simply 
ained minus predicted," they should 


Range Model 
оне 3 plots the residuals from the 
ae model ol Equation 1 (following 
E rmation) as a function of the ratio 
€ range to the mean scale value for 
pe zero i theory and at least show no 
the ie nstead, the relationship follows 
Rodel ear trend predicted by the range 
сана (Equation 3). In addition, the 
icd poc data from both experiments 
oM TE oximately the same estimate of 
e io I and Ш (—2.61 and — 2.32); 
m T 1 sets of points fall approximately 
with pm line. The partial correlations 
two 26 range term, —.77 and —.75 for the 
D E of data are highly significant, 
Те, 2) = 32.17 and F (1,61) = 78.69. 
A үш of squared errors for the additive 
"s a anit weight averaging models is 
зап twice the sum of squared errors 


ог ¢ 
the range model. 


Th 4 
воте са) Interpretations 


ae lap of values.—A possible theoretical 
COmpon. the range model assumes that each 
lion Hd pe stimulus produces a distribu- 
opica] values on an underlying psycho- 
tributi continuum. This hypothetical dis- 
ten represents all the possible values 
ћу он component stimulus. The present 
8 rn assumes that 5 bases his rating 
аи component on the mean of its 
Tucted lon of possible values i when in- 
Sin iT judge a pair, he estimates the 
istriby, | those values common to both 
ispersi lons, ie., their overlap. Af the 
on of each component's distribution 

Qo le values varies directly with its 
related > value of the combination will be 
S үр the range (ie., difference be- 
Well as << means of the components) as 
Values a the average | of the two mean 
he ы shown in Fig. 4, the rating of 
the Com ination will be shifted toward 
the relative m with narrower dispersion ; 
Greases туе magnitude of the shift in- 
For S with the difference in dispersion. 
теси, ле present data, this hypothesis 
es that the immoral items have 


b 


0” d 
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narrower dispersions than the milder 


items. 

Application of successive interval scaling 
(Torgerson, 1958, pp. 205-210) to the 
ratings of the 16 single items revealed that 
scale value and dispersion were indeed 
correlated (r = .82). This correlation sug- 
gested the use of Thurstone Case 6 values 
in Fig. 4 to illustrate the hypothesis. Since 
the function relating Thurstone values to 
mean judgments is negatively accelerated, 
the effect of the difference in dispersion is 
inversely proportional to the mean scale 
value. 

Range effects have been reported in 
previous studies of information integration. 
Willis (1960) found that judgments of the 
attractiveness of groups of facial photo- 
graphs varied inversely with the ‘“hetero- 
geneity" of the component photograph 
scale values and directly with their mean. 
Heterogeneity was defined as the average 
absolute deviation of the components 
around their mean and is therefore analo- 
gous to the range term of Equation 3. 
Weiss (1963) found similar interactions for 
judgments of opinion triplets. Judgments 
of intelligence show interactions due to “сце 
inconsistency," a concept which is also 
analogous to that of range (Чомс & 
Lichtenstein, 1971). 

The range model has also been applied 
to judgments of the likableness of hypo- 
thetical persons described by pairs of 
adjectives, including adjectives from both 
ends of the likableness continuum. The 
range term accounted for 80% of the 
variance left unexplained by the additive 
models (Birnbaum, 1970, 1971). Work is 
currently under way to investigate the rela- 
tive effects of moral and immoral items on 
integrated impressions of morality. 

Other interpretations —Another interpre- 
tation of the interactions postulates shifts 
in the components themselves. When 
separate ratings of the components pre- 
sented in the set (Anderson, 1968b, 1971; 
Birnbaum et al., 1971) shift systematically, 
it is usually toward the values of the other 
components of the same set. However, i 
the magnitude of shifts were simply а 
linear function of the values of the com- 
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Fic. 4. Overlap of valu 
averaging model prediction: 
two distributions.) 


ponents, this contextual effect would not 


produce interactions (Anderson, 1968b, 
1971). 

Instead of the items changing value in 
context, 


it is possible that the weight or 
Importance of each component depends 


Upon its value (Anderson, 1971) and 
Perhaps also on the values of the other 
Components of the Same set. Osgood ang 
Tannenbaum 


(1955) have Suggested a 
1 the weight of an item is 
Xtremity. Differential 
been considered by 
Dawes (1966) and 
There are many 
fferential weight- 
resent data, the 
TS might receive 
n determining the 
ause they require 
action such as Punishment of the wrong- 
if serious misbehaviorg 

occur less often, these items would provide 
more information and consequently receive 
greater weight. Weighting could also 
depend upon the reliability of the informa- 


model in whic} 


1e hypothesis illustrated. 
5; each arrow labeled “overlap” repre: 


(Arrows labeled "average" represent the 


sents the mean of the overlap of 


tion, with weight inversely proportional to 
dispersion (as in Fig. 4),3 : 
Differential weighting models might 
be consistent with the present interac- 
tions which contradict the constant-weight 
models. These more complicated averaging 
models require the estimation of two 
parameters for each stimulus, weight and 
scale value, whereas the constant-weight 
models (with appropriate experimental 
designs) require the explicit estimation of 
only the scale values. The number of 
Parameters can be reduced by assuming 
3 The distributional interpretation shown in Fig. 
4 can provide the basis for the derivation of an 
averaging model with differential weights. Let si 
and o; be the mean and standard deviation for 
Stimulus 2, If it is assumed that the combined 
impression, Y, of & stimuli is the value that maxi- 
mizes the product of the normal probability densi- 
ties Ga in Fig. 4), then it can be shown that 


k 
= У куа 
i= i21 


model with weights inversely proportional to ds 
Dersion. For two stimuli, this criterion also inp 
pat Р(М > [Stimulus 1) = P(M < v |Stimulu 
2), where M is morality. 


/s), which is an averaging 


: 


AVERAGING MORALITY JUDGMENTS : 41 


that weight is.a linear function of 
scale value. This simplified variable- 
Weight model does as well as the range 
OM for the data of Exp. 1, but poorer 
A m П. After fitting this variable- 
ir gh model to the data of Exp. II, the 
x nge term accounts for a significant por- 
o the unexplained variance, F (1, 60) 
= 22.6, p < .001. 
к distinction between differential 
Addit mg models and the constant-weight 
m E ог averaging models cannot be 
ee too strongly. rhe additive 
ME Rosenberg, 1968) require many 
inters parameters but cannot account for 
Бс ons: rhe differential weighting 
aa BA account for interactions (Ander- 
3 ba 1) but suggest a different process 
TM ormation integration. and raise the 
Wi retical problem of explaining the nature 
cause of the weighting. 
no the other hand, it would be difficult 
е to make a sharp distinction 
E the range model and the differ- 
Ben weighting models on the basis of 
Ing data, since both models can 
е „simple convergent or divergent 
NE спо. For example, recent experi- 
Bug ts by Oden and Anderson (1971) 
gest that judgments of the “badness” 
ee nes of criminals are inconsistent 
Sal additive models of information inte- 
Hen. А differential weighting model 
Hes applied to the data, although the 
ER чоп» from additivity were in the 
SN ion that would be predicted by the 
Бе model. 


CONCLUSIONS 


E present data suggests that 55 do not 
beha ine information about the morality of 
he Viors by simply summing or averaging 
The iue associated with the components. 
dm а бора obtained in both experiments 
Ron еве with other evidence (e.g. 

hc 1965, 1968a ; Feldman, 1968; Lampel 
B oon 1968; Oden and Anderson, 1971) 
shifted oe that integrated impressions are 
ton puma ward the evaluatively lower informa- 

i ained in the set. 

he Present experiments do not preclude 
о ЗЫ that the interactions are due 
ontextual changes in value or weight. 


the 
to 


Differential weighting of the stimuli may 
account for the shifts but the range model 
appears to provide a better fit to the data. 

The range model can be interpreted as 
reflecting an underlying psychological repre- 
sentation of the stimulus items in which the 
lower valued stimuli are located more precisely 
than the neutral ones, so that the stimulus 
combination falls closer to the lower items. 
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HAPTIC JUDGMENTS OF CURVATURE BY BLIND 
AND SIGHTED HUMANS * 


PHILIP W. DAVIDSON ? 


George Washington University 


Three experiments investigated the relationship between active handling and 


veridical haptic curvature perception. 
made more objective judgments of curves than did sighted Ss. 


Experiment I showed that blind Ss 


Videotape 


recordings of exploratory scanning during judgments revealed that the blind 
used a scanning technique allowing more global apprehension of the stimulus 
than sighted Ss’ methods, and that the two groups focused on different stimulus 
parts. In Exp. II, sighted Ss’ judgments became more objective when they 
were restricted to using the scanning technique characteristic of the blind. 
Experiment III suggested that sighted Ss’ errors in Exp. I probably stemmed 


from using movements that obscured stimulus curvature. 
that the blind's scanning technique (а) focused 


stimulus feature, and (b) provided a way to pat 
Implications for a theory of the role of 


tionship that specifies curvature. 


It was concluded 
attention to an informative 
tern the ends-to-middle rela- 


exploratory activity in perception were discussed. 


Judgments about the characteristics of 
Ene dent typically call for exploratory 
leas 1 y-—eye or hand movements from one 
is ше to another. | When the judgment 
c the object is explored by shifting 
Be “rection of gaze, whereas haptic judg- 

nents involve feeling different stimulus 
Parts with the fingers and hands. 
peExploratory activity has been related to 
BR Ceptual skill in several recent theories 
a Perception. Gibson (1962), for example, 
та that haptic exploratory move- 
E а isolate and enhance the component 
Bo imulation that specifies the shape and 
lena, characteristics of the object being 
and Ra Гр. 478]. Similarly, Zinchenko 
m omov (1960) summarize the Russian 

ew that eye and hand movements serve 
9 organize the parts of a form into a 


a This research is based on the author's doctoral 
Sertation, submitted to George Washington 
ҮЕ. ‚Тһе study was supported by Public 
ae th Service Predoctoral Fellowship MH-42881, 
en National Science Foundation Summer Re- 
ae Fellowship, both to the author, and by 
ae Institute of Child Health and Human 
mene Grants 1-T01-HD00203 to Richard 
Bed alk, and 1-K03-HD36971 to Jacqueline J. 
a eee The author wishes to thank R. D. Walk, 
all PEE and E. Abravanel for their help in 
- ieee of the Project, and M. Smith and C. 
те or scoring the videotaped data. 
З тев for reprints should be sent to Philip 
ion Соса, Department of Psychology, Washing- 
ollege, Chestertown, Maryland 21620. 


whole. Finally, changes in exploratory 
activity, linked with improved perceptual 
skill during ontogenetic development (cf. 
Abravanel, 1968; Nodine & Lang, 1971; 
Zinchenko & Ruzskaia, 1960а, 1960b), 
and with experience using touch in blind 
Ss (cf. Hatwell, 1959, 1960), suggest that 
the accuracy of information gathered about 
an object may be greatly influenced by the 
way the object is explored. 

Despite the important role assigned to 
exploratory activity by theoretical views, 
the nature of its contribution to perception 
is relatively unknown. Some exploratory 
methods lead to greater accuracy of judg- 
ment than others. When the judgment 
is of form, for example, eye and finger 
movements that focus attention to the 
object's contour seem related to accurate 
identifications (Abravanel, 1968 ; Zinchenko 
& Ruzskaia, 1960a, 1960b). The way the 
contour is explored too is important: With 
touch, tracing around a contour with one 
finger is less successful with respect to 
accurate judgments than to feel many 
points on the contour at once with all of 
the fingers (Abravanel, 1968; Hatwell, 
1959, 1960; Zinchenko & Ruzskaia, 1960a, 
1960b). In addition, certain techniques 
seem best suited for exploring particular 
kinds of stimuli, or stimulus attributes. 
For example, Abravanel found that clutch- 
ing the ends of a cylinder with the hands 


ali 
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was a satisfactory exploratory method for 
accurately perceiving diameter, but pr 
appropriate for apprehending the length o 
Fd 9 - 
у E data suggest that the contribution 
of exploratory activity to perception prob- 
ably lies in some interaction between the 
nature of the stimulus and the nature of 
the scanning. However, with few excep- 
tions, little in the way of hypotheses or 
data has been reported to describe the 
interaction, | 

The present experiments, designed to 
pin down the interaction between stimulus 
Properties and scanning, deal with the 
relationship between one haptic form 
judgment and haptic exploratory activity. 
Active touch was selected for study because 
scanning methods can be readily observed 
and changes in method easily detected. 
In addition, it js often easy with touch 
to relate particular Scanning methods to 
particular aspects of the stimulus, 

The task calls for judging the curvature 
of an edge by hand. This is one of the 
few tasks that human blind Ss perform 
more objectively than the sighted (Hunter, 
1954; Pick & Pick, 1966). There is a hint 
that the blind 55 objectivity may stem 
гот having acquired new Ways of ex- 
ploring, illustrating а general form of the 
Interaction between the type of scanning 
and the stimulus, 


The design consists of 


in scanning 
cal to accuracy (Exp, I). 
Огќапсе of th 
to objective judgn 
by introducing Constraints, 
stricting Scanning methods 
by altering characteristics of 


(Exp. III). 


ExPERIMENT I 


Hunter (1954) had blind and sig 
explore by touch alone a 
standing on its long edge, 
to describe different concave and сопуех 
symmetrical arcs in the transverse plane, 
and sometimes left Straight. The task was 


hted Ss 
flexible ruler 
Sometimes bent 


. DAVIDSON 


to judge whether the ruler felt straight, 
convex, or concave. Hunter found that 
the stimulus felt “straight” to both blind 
and sighted Ss when it was actually 
concave (ends bent toward S), but that 
subjective straightness for the blind was a 
significantly less acute concave curve than 
for sighted Ss. 

The Hunter (1954) experiment leaves us 
very uncertain regarding the nature of 
haptic curvature perception by either blind 
or sighted Ss. First of all, Hunter’s data 
reflect only a determination of psychophysi- 
cal “straightness,” neglecting to report Ss 
performance along the rest of the curvature 
continuum, Moreover, the reason for the 
more objective judgments by blind Ss is 
unclear. Other studies of haptic curvature 
Perception have indicated that a curve 
feels different depending upon how it is 
explored (Goodnow, Baum, & Davidson, 
1971; Rubin, 1936), Jt may be that blind 
Ss’ superior performance in Hunter's (1954) 
experiment stems from having learned 
more effective methods for scanning the 
stimulus. 

Experiment I с 


ategorized the scanning 
techniques Ss use 


to feel curves like those 
used by Hunter (1954) and evaluated 
differences in Scanning style between the 
blind and the sighted. The study also 
extended Hunter's “straightness” compari- 
son, asking if blind and sighted Ss differ 
in perception of individual convex and 
concave curves, and a straight edge. 


Method 


Subjects. —Thirty-two male and female Ss 
all right-handed) particip; 
alf were normally sight, 
other half were totally 


blindness stemming exclusively from retrolental 
fibroplasia. The blind Ss Were selected from Grades 
10-12 of the Maryland School for the Blind,’ and the 
average age was 1g yr., 0 mo, 

Stimuli.—Viye stimuli 
curvature continuum used by Hunter (1954). Four 
of the stimuli were sy; 

Fig. 1, and the fifth was Each 
qimulus consisted of а 200-mm, long, 19-mm. ДИ 
mm. thick plastic str; ente еше 

—— 165 Plastic strip, cemented to the 


(nearly 
ated in the experiment. 
ed undergraduates. The 
blind from birth, with 


.* The author gratefully acknowledges the coopera- 
tion of the administration, faculty, and staff of the 
Maryland School for the Blind. 
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edge (or straight edge in the case of the straight 
stimulus) of a heavy plastic base. The arc heights 
of the four curved stimuli (the perpendicular dis- 
tance from the midpoint of the arc's chord to the 
midpoint of the arc) were 2, 4, 6, and 8 mm. 

Figure 1 also shows how stimuli were positioned. 
Ros could be placed in the holder oriented either 
ps уе arc (ends bent toward 5 as in Part А 
f 3 figure) or as a convex are (ends bent away 
гот S as in Part B). 

Mine a equipment and other materials.— The 

drea ory activity of each S was recorded on 

Video i pe: with a Sony videotape system. А The 

nth сатте was tripod-mounted and equipped 
а 75-mm. lens to enlarge the image. 

All Ss wore a blindfold during testing. Anashtray 


Einen concave, or s right, following a 
TI $ ingle Stimuli" procedure (cf. Guilford, 1954). 
tin а] felt cach of the four curved stimuli eight 
a nes—four times as a concave curve and four times 
аза convex curve—a nd he felt the straight stimulus 
un times, The stimulus order was randomized 
r the 36 judgments. 
the де stimuli were positioned in front of S so that 
Ex edges Were at fingertip distance. — The Ss 
a red with their preferred hand, keeping their 
Ows in the elbow rest. 
b: fter the task was explained, S explored а 16-mm. 
ы nup curve, oriented once as concave and once 
ue et until he correctly categorized each 
ntation. 
ivi deotape recording.— The S's exploratory ac- 
а during all judgments was recorded on video- 
left f The camera, positioned about 2.5 m. to the 
The ane of S, looked downward onto the stimulus. 
niger lique angle gave a clear view of wrist and 
Á r movements and of the thumb of a right- 
anded 5. 
an ideotape scoring. —Two | scorers, trained by Z, 
е the videotapes. The scorers observed each 
numb Judgment noting the appearance of any of a 
niques, of predefined exploratory scanning tech- 
and d Each scorer viewed the tapes independently 
© Was unaware of Ss’ identities. 
Rod Videotapes were scored | twice. The first 
iny lE was for five aspects or "elements of scan- 
8, defined as follows: (а) Part of curve touched 
tint edge, i.c., the edge facing S, top edge, or front 
г fou (b) Number of fingers used (one, two, three, 
Jie а pe „ће thumb). (c) Position „of 
the кш огей as stiff or bent at the knuckles, with 
e Vui oed subdivided into two possibilities: 
angle) ш) parallel to the table or at an acute 
stimulus ts Ihumb placement on back edge of 
touching rds as used in a pincer with fingers 
Нор er parts of the curve, used indepen- 
Шоуа = angers, or not used). (е) Style of 
and ED Ra as smooth and sweeping, uneven 
he M une no movement). А 
а аре ОА of Hs tapes was to see if 
SESS ds ob scan nguish among some general 
a g called "classes" that resulted 


Wi 


(A) 


Subject's 
Hand 


Stimulus 
Holder 


Horizontal 
Curvoture 
Stimulus 


Plexiglos 
Insert 


Fic. 1. Stimulus curves for Exp. I. (The upper 
figure, A, shows a stimulus oriented as a concave 
curve and the lower figure, B, shows a convex curve.) 


from different combinations of elements. Five 
scanning classes—GRIP, PINCH, FINGERTIP SWEEP, 
SPAN, and TRACE—were defined by E after a study 
of the videotapes and are depicted in Fig. 2. Тће 
grip involved curling three or four fingers over the 
front edge of the stimulus, pulling back slightly 
against it, while shifting back and forth across the 
curve (Fig. 2A). The pinch (Fig. 2B) consisted of 
holding the stimulus edge in a pincer between the 
thumb and one or more other fingers, sliding 
smoothly across the curve. The fingertip sweep 
took two forms. The top sweep (Fig. 2C) consisted 
of placing one or more fingers, held straight out 
and together, on the top edge of the curve ап 
sweeping back and forth. A variant of this metho 
was the front sweep, where 5 scanned the front 
edge as with the top sweep. А majority of Ss 
performed the top sweep with two fingers. the 
span (Fig. 2D) involved spanning the curve with 
the whole hand, fingers spread apart and out- 
stretched. The trace (Fig. 2E) consisted of holding 
one or two fingers perpendicular to the table, 
scanning across the front edge to the end of the 
curve, then scanning in the opposite direction across 
the back edge. / 

Training the scorers.— Three 1-hr. training sessions 
preceded the scoring. In each session, Ё presented 
various scanning techniques on the video monitor 
by photographing his own hand, while the scorers 
practiced noting the element categories and classes. 
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CLASSES OF SCANNING 
Ес. 4. 


The Percentage of judgments in which 
blind and sighted Ss used the Scanning Cla 
(Each S made 36 judgments. Mann-Whitney 

tests indicated that blind Ss significantly exceeded 


the sighted in frequency of use of the grip, p < .02, 
and the span, р < .10.) 


blind and sighted Ss were derived following 
a least-squares solution for the Method of 
Single Stimuli (as described by Guilford, 
1954, р. 128). This procedure, summarized 
in Table 1, uses group percent “concave” 
(Fig. 3A) and percent “convex” (Fig. 3B) 
Tesponse distributions to yield absolute 
) for “concavity” and “соп- 


vexity” and to estimate a point of sub- 
Jective equality (PSE) for phenomenal 
straightness, 


The table shows that the 
curvature scales for both blind and sighted 
Ss are skewed in the direction of concavity 
and that the skew is greater for sighted Ss 
than for the blind, The PSE for blind Ss 
is slightly less than a 1-mm. concave curve 
whereas the sighted 55 PSE is nearly a 
2-mm. concave curve. Also, the ALs for 
concavity for both STOUPs occur well into 
the concave stimulus г 


c ange, and the AL 
for sighted Ss (5.09 mm. concave) is nearly 
2 mm. further along the concave range 


than the AL for blind Ss (3.27 mm. 
concave). Finally, the variability associ- 
ated with the PSE (as measured by the 
size of the interval of uncertainty, IU) is 
substantially greater for sighted Ss than 
for the blind. The findings regarding 
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phenomenal straightness seem to corre- 
spond well to the comparison of distri- 
butions of “straight” responses for blind 
and sighted Ss shown in Fig. 3C. £ 

Analysis of exploratory scanning.— The 
scorers’ task was to classify scanning 
techniques in each of S's 36 judgments. 
After checking for interscorer agreement 
(the scorers agreed approximately 75% of 
the time‘), we calculated from these data 
the number of S's judgments in which the 
scorers said they observed a particular 
scanning technique. (When the scorers 
disagreed on the number of judgments in 
which a method occurred, their scores 
were averaged). For each scanning tech- 
nique, these data were expressed as à 
percentage frequency of occurrence of the 
technique in S's judgments, and averaged 
for each group of Ss. The resulting distri- 
butions for classes of scanning in blind 
and sighted Sg judgments are compared 
in Fig. 4. The clement categories are 
compared in Fig. 5. The difference be- 
tween these distributions for blind and 
sighted Ss was tested with separate Mann- 
Whitney U tests (as described in Siegel, 
1956) for each scanning class and element 
category. 

Figure 4 shows that the grip, pinch, and 

+ Interscorer agreement is difficult to evaluate 
statistically when the data generated by the scorers 
is nominal, and when there are multiple, relate 
categories. The most common procedure is 10 
report the percent frequency of scorer agreement 
(cf. Abravanel, 1968; Scott & Wertheimer, 1962). 
The overall agreement (for elements and classes) 
Was 73.88%, with the lowest scores associated with 
the least used categories. The individual agreement 


scores for each element category and class are given. 
in Davidson, 1970, 


c — 


TABLE | 


SCALEs or CURVATURE ror BLIND 
AND SIGHTED Ss 


PSYCHOPHYSICAL 


Curvature thresholds (mm.) 


PSE (mm.) 


Phenom- 
Ss C=) | Coneay, QOIS 
(-) | oncave (+) (mm.) straight- 
mm E RN — ness) 
AL | ў AL |$ 
50| AL | sp ; 
Blind | ~1.27 | 5.50 3.27 | 6.09 | 4.54 + 8 
Sighted | —1'65 | 6:00 Ho 5.73 | 6.74 +1.80 
= interi 
ЕВЕ = Palt.of subjective excel ED S 
of Uncertainty, AL = absolute threshold. 
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POSITION THUMB MOVEMENT 
ELEMENTS OF SCANNING 
Fic, 5. The percentage of judgments in which blind and sighted Ss showed each element cate- 
gory. (Each .5 made 36 judgments. Mann-Whitney U tests indicated that blind Ss significantly 


exceeded the sighted in frequency of use of front-of-curve, p < .10, four fingers, р < .02 


, and 


independent use of the thumb, р < .05, while the sighted used two fingers more frequently than 


the blind, p < .02.) 


RP sweep were the classes of scanning 
Rot appeared in the most judgments of 
ann groups of Ss. One striking finding 
Ds that blind Ss gripped the stimulus 
5 pe bout 60% of their judgments, more 
th €n than they used any other class, but 
ice gripped jn only about 25% 
th. heir judgments, significantly less often 
Лап blind Ss, U (16, 16) = 62.0, p < .02. 
mn seemed to use the pinch and top 
a сер equally often. Although blind Ss 
реч stimuli more often than the 
Sighted, U (16, 16) = 83.0, P < -10, this 
gn appeared in only about 8% of blind 
S judgments. 
igure 5 shows that blind Ss used two 
gers significantly less, U (16, 16) = 61.0, 
dnd +02, but four fingers significantly more 
the n, U (16,16) — 540, p < .02, than 
m Dei Ss. Also, blind Ss explored the 
th edge of the stimulus more often than 
€ sighted Ss, U (16, 16) = 80.5, p < .10. 
died Pee probably relate to the 
Vm s' more frequent use of the grip, 
Жн ving exploration of the front edge of 
Stimulus with three or four fingers. 
А comparison of the mean number of 


scanning classes used per judgment by 
blind Ss (M = 1.66) and sighted Ss (М 
= 1.55) indicated no significant difference, 
t (30) < 1.0. 


Discussion 


Experiment I revealed that categorization 
errors for both blind and sighted Ss occur 
almost exclusively with concave curves and 
seem to result from a confusion of stimulus 
concavity with phenomenal straightness. This 
finding extends previous conclusions (cf. 
Hunter, 1954, Rubin, 1936) that haptic phe- 
nomenal straightness is probably a concave 
curve. Indeed, we found that the psycho- 
physical scale of haptic curvature seems to be 
skewed in the direction of concavity, at least 
when the curvature is in the transverse plane. 

It is not yet clear why a concave curve is 
perceived as “straight” haptically, and this 
question will be investigated in Exp. II. 
It is clear from Exp. I, however, that blind Ss 
(a) are less influenced by the effect, whatever 
its nature, and (b) show some important differ- 
ences in scanning strategies, compared to the 
sighted Ss we observed. Experiment I pro- 
vides only a correlational link between cate- 
gorization performance and scanning. The 


bas. 
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TABLE 2 


MEAN NUMBER OF INCORRECT С; TEGORIZATIONS AS 
A FUNCTION ОЕ SCANNING 


METHOD 

Scanning method Xx | SD 
5 2.88 

i ooled) 11.95 2 
росе thumb 1570 "n 
Grip without thumb 11.20 are 
Pinch (pooled). 14.45 d 
One-finger pinch 15.30 339 
Four-finger pinch 13.60 248 

Тор sweep 14.45 | 3. 


effects on categorizing curves of the explora- 
tory methods most often used by blind and 


sighted Ss in Exp. I were tested experimentally 
in Exp. II. 


EXPERIMENT II 
Method. 


Subjects—The Ss were 60 male and female 
undergraduate and graduate Students. All but a 
few were right-handed. 

Apparatus and procedure.—The task and stimulus 
series were the same as described for Exp. I. The 
only change involved the Way Ss scanned the 
stimuli. One group of 20 Ss explored using only 
the top sweep, another 20 used only the pinch, and 
the remaining 20, only the grip. The E demon- 
Strated several times the scanning method S was 
to use. Following the demonstration, S donned the 
blindfold and practiced the method on the 16-mm. 
warm-up stimulus until E was satisfied the scanning 
жаз correct. 

Definition of scannin 
consisted of moving 
smoothly across the top 
two fingers were held 
parallel to the table, an 
the fingertips. 

The grip involved curling four fir 
front edge of the stimulus 
against it while sw 


£ methods—The top sweep 
index and middle fingers 
edge of the stimulus. These 
straight out and together, 
d Ss felt the edge with only 


ORIN not use the thumb, 
keeping it tucked under their p; 

on judgments of use of 
tested because some 


effects 


finger pinch 
in Exp. I reported cases where 


with more than one finger on th 
stimulus and that the pinch 
to differentiate from the grip 
used to pinch. The one- 
holding the stimulus edg 
thumb and index fing 
and forth across it. 


on judgments 
- The scorers 
the pinch occurred 
€ front edge of the 
became more difficult 
as more fingers were 
finger pinch consisted of 
€ in a pincer between the 
er while sliding smoothly back 
The remaining three digits were 


tucked under the palm. The four-finger pinch м 
like the one-finger pinch except that the аи 
three digits "trailed" along the front edge e ү 
the thumb-index pincer, instead of being túc! ү 
under the palm. Half of the Ss in the Pinch br. 
used the one-finger pinch and the other half, 
four-finger pinch. 


Results 


Gripping the stimulus led to m 
objective curvature judgments than eit Е 
pinching or top sweeping. As in Exp. 1, 
incorrect categorizations for all groups 
were confined almost exclusively to concave 
curves. 

Table 2 summarizes the results of Exp. 
II. The table shows that gripping with 
and without the thumb led to a statistically 
similar number of incorrect categorizations, 
t (18) < 1.0. Also, pinching with one and 
with four fingers led to a similar number 
of incorrect categorizations, / (18) « 1.0. 
Error scores were pooled across the two 
Grip groups and the two Pinch groups. 
Comparing these pooled scores with the 
incorrect categorizations associated with 
the top sweep, a striking finding was that 
the pinch and the top sweep led to an 
identical number of incorrect categoriza- 
tions, but Ss using the grip made fewer 
categorization errors. A single classifi- 
cation analysis of variance showed that 
the difference in mean categorization errors 
among the three scanning methods 
Was significant, F 2, 57) = 3.69, Р< 05. 
Subsequent + tests indicated that signifi- 
cantly fewer incorrect categorizations were 
associated with gripping than with either 
pinching, t (38) = 2.78, P «.01, or top 
Sweeping, / (38) — 2.46, р < .02. 


EXPERIMEN’ 11] 


The results of Exp, 
an experimental link 
judgments of concave 
of a particular kind of 
called gripping. Two ir 
about the role of scanni 
ture judgments. still 
formation does 


I and II establish 
between objective 
curves and the use 
exploratory touch, 
nportant questions 
ng in haptic curva- 
remain: What in- 
gripping give about concave 
Curves that cannot be gathered with the 
Pinch, top Sweep, or with other methods 
of exploratory touch? Second, why is;the 
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grip so singularly effective in gathering this 
information? Б 5 
Я Judging curvature haptically тау be а 
E where critical aspects of the stimulus 
E? be obscured by the way it is explored. 
Copes curve describes an arc in the 
bs ransverse) plane and about the 
while паре аѕ the path of S's arm sweep 
Eis Scanning. The S may have diffi- 
of qi distinguishing between this sort 
Eon movement and stimulus shape. 
imeem FIR only the top edge of the concave 
Pom 25 with the pinch or top sweep, 
сре to татти? the stimulus-arc-arm- 
NO m, perhaps masking in- 
cM ion about stimulus curvature and 
ing the objectivity of judgments. 
794 pos in categorizing such curves do 
the rom this masking effect, reducing 
ү mateli between stimulus arc and arm 
meet should lead to greater objec- 
bean In Exp. Ш, we tested several 
dd of reducing this match. One pro- 
stim : was to have Ss judge curvature 
tain 4 і that describe arcs completely con- 
m in the frontoparallel plane—arcs 
Süd or lower in the center than the 
i with the chords parallel to the table. 
De cum movement no longer overlaps 
ipn arcs because they lie in a different 
‘пе and judgments should be more 
Jective, 
po сања procedure tested was to 
y he hten out the curved path followed 
A e fingertips. The arc described when 
whol rm pivots from the shoulder (called 
К е-агт movement) is flatter than when 
Eo ut is the elbow (called forearm 
whol ment) In the present study, the 
a arc is less like the concave 
| arc and should lead to more 
inb i judgments of the curves used in 
Чоу, and П (called horizontal curves). 
ine vever, judgments of the stimuli describ- 
оа in the frontoparallel plane (called 
al curves) should be unaffected. 


Methog 


Subjec s 
stug а. — Sixty undergraduate and graduate 
is nts participated in the experiment. Nearly all 
ere right-handed. 
bbaratus.—The study called for a series of 


си d т > 
TVature stimuli arced in the frontoparallel plane 


|| convex QUIE 


a CONCAVE CURVE 


PLYWOOD 
HOLDER 


(B) 


A comparison of horizontal and vertical 
curves. (The upper figure, A, shows a horizontal 
concave curve like those used in Exp. I and П. 
The lower figure, B, shows a concave and a convex 
vertical curve.) 


in addition to the stimuli used in Exp. I and П 
(horizontal curves). The two types of curves, 
compared in Fig. 6, were identical in length and are 
height, differing only in the orientation of the curva- 
ture. Eight symmetrical curves—four concave and 
four convex arcs—and a straight edge (duplicating 
the values of the horizontal curvature series) were 
cut from 1.5-mm. thick posterboard. Concavity in 
a vertical curve meant that the midpoint of the 
curve was higher than the ends, and convexity, the 
midpoint lower than the ends. The stimuli were 
held upright in the frontoparallel plane in a plywood 
holder as shown in Fig. 6. 

Procedure.—The task was the same one used in 
Exp. I and II. АН Ss scanned the stimuli with the 
preferred hand, using the top sweep described in 
Exp. II. (This method seems the best example 
of the overlap of arm movement with the arcs О 
horizontal concave curves.) 

Forty Ss judged the vertical curves and 20 5s, 
the horizontal curves. Half of the Vertical Curve 
group scanned with whole-arm movement and the 
other half, with forearm movement. The Hori- 
zontal Curve group Ss used only whole-arm move- 
ment. (A Forearm Movement group to judge 
horizontal curves was unnecessary. The Top Sweep 
group in Exp. П scanned the horizontal curves 
with what has been defined as forearm movement 
and the data from that group were used again in 
Exp. 11.) The Ss using forearm movement kept 
their elbows in the elbow rest, whereas Ss using 
whole-arm movement made all movements from the 
shoulder and kept their elbows “locked.” 
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Р Fic. 7. "d 55 categorized stimuli in Exp. HI. (The figure shows the 
Tequency of "concave А, “convex,” B, and “straight.” 5 5 | 
each group of Ss to each curvature value. Concave Ste de үке ty 
Sented on the abscissa as "+," convex values as «7 
18 D 
Result. TABLE 3 
izati б МЕАХ МОМВЕ е {5 BY 
Categorizations of vertical curves were PAN "So eae AnEcT CATEGORIZATION 
extremely objective in sharp contrast to Ss М е AND 
the judgments of Ss exploring horizontal - 
curves. Again, the Psychophysical scale Curvature orientation 
for horizontal curvature was skewed toward Type of arm Е 
concavity, and incorrect categorizations df movement Horizontal curves Vertical curves 
these curves were confined to concave ® ғ y 5р 
stimuli. Incorrect categorizations of verti- = = P d 
cal curves, however, were evenly dis. Warm у ee 3.94 9.50 232 
x arm К 4: .55 Я 
tributed among the three response cate- iii x 
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TABLE 4 
PSYCHOPHYSICAL SCALES OF CURVATURE FOR HORIZONTAL AND 
_ VERTICAL CURVES 
Curvature thresholds (mm.) 
Group Convex (—) Concave (E PSE (mm.) 
а ) IU Е 
бит.) es 
AL SD AL SD 
| Hori 
zontal curves 
Forearm curves 
movement 5T 5 7.55 5. 
oe Aran 1.57 5.30 +7.55 10.54 9.12 +1.48 
Nove = 1 ce 
Vertical ең —2.82 5.28 +4.03 6.57 6.85 + .23 
Orearm 
mo " = 
Whois aren —4.07 8.23 +2.14 3.85 6.21 + 16 
movement = 38 5.86 +1.45 335 1.77 + .80 
N = 
Ste PEE Porn ог eubjective quality. IU = interval of uncertainty. AL = absolute threshold. 
responses to the convex stimuli, either 


len the psychophysical scale for 
Whole-a curvature showed no skew. Also, 
towar d im movement reduced the skew 
ЖЫЕН concavity in the horizontal curva- 
re scale relative to forearm movement. 
ut mean numbers of incorrect categori- 
S per group are compared in Table 3. 
бу оташе Orientation X Arm Move- 
Quer analysis of variance showed that 
Simi d and whole-arm movement led to a 
сауар number of errors regardless of 
м, "ature orientation, P (1, 76) = 2.81, Р 
Urves cem .Ss judging vertical 
oem more objective than Ss judging 
Ment ae curves regardless of arm move- 
Judgin. (1, 76) E 28.33, p < 21. Indeed, 
fight 5 е vertical curves led to about 
the те categorizations, nearly half 
пау umber made with the horizontal 
Wes: 
ve (Bie shows the frequencies of “соп- 
зар“ ТА), "convex" (Fig. 7В), and 
Stoup of (Fig. 7C) responses by each 
igure 7A ii to each curvature value. 
UE shows that 55 judging vertical 
than ete more ''concave" responses 
Of the ш Curve group Ss to all 
hat aee hii curves. Figure 7C shows 
Dot cate za T orizontal Curve group 55 did 
they пен the concave curves correctly, 
‘strait um judging these stimuli to be 
extremely Finally, Fig. 7B shows an 
mely high frequency of “convex” 


zat: 


Са 
“ 


horizontal or vertical, for all groups. 

As in Exp. 1, psychophysical scales for 
curvature were derived from group рег- 
cent "concave" and "convex" response 
distributions (Fig. ТА and B) following а 
least-squares procedure (Guilford, 1954, 
р. 128). The findings are summarized in 
Table 4. The table shows that the scales 
for horizontal curvature are skewed toward 
concavity and that the skew is less with 
whole-arm movement than with forearm 
movement. Moreover, whole-arm move- 
ment led to less variability in the PSE 
for psychophysical straightness (as mea- 
sured by the size of the IU) on the hori- 
zontal curvature scale, and in the AL for 
horizontal concavity. Finally, Table 4 
indicates no large skew toward concavity 
in judgments of vertical curves. 


AL DISCUSSION 


Apparently the relationship between active 
handling and veridical haptic form perception 
is not based on either the scanning alone or 
the stimulus alone. Indeed, there seems to be 
an interaction between the stimulus attribute 
being judged and the style of exploration- 
The present findings describe а particular 
interaction where arm movement may obscure 
stimulus curvature when the curvature coin- 
cides with the arc of the arm sweep. When 
the scanning does obscure the curves, one 
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exploratory technique—the grip—was more 
effective than others. R 

The grip appears to have at least two dis- 
tinguishing characteristics. First, it focused 
attention on a stimulus part informative of 
the shape attribute being judged, while avoid- 
ing irrelevant or misleading features. Gripping 
the curves focused attention on the front edge 
of the stimulus, an arc in a different plane 
than sweeping arm movement and probably 
more informative of the stimulus shape than 
the top edge. In contrast, exploring only the 
top edge of the curve, as with the pinch or 
top sweep, seems to maximize the correspon- 
dence between stimulus arc and arm arc. 

A second characteristic of the grip was that 
it permitted a global, simultaneous appre- 
hension of the stimulus curve. The distinguish- 
ing feature of a curve is probably an ends-to- 
middle relationship. — Veridical perception of 
Such a shape haptically might depend on how 
well the scanning apprehends this relationship. 
Gripping involved feeling most of the front 
edge of the stimulus at once, 
Ss to kinesthetically 
to-middle relationship by 


haptic 
Abravanel, 1968; 
1960; Zinchenko & 
additional evidence 
У also characterize 
Y (cf. Mackworth & 
ko & Lomov, 1960). 
e stud Suggest that attention 
focusing in Scanning is linked to isolating 
informative stimulus fe. However, the 
g function of scanning 
- One hypothesis is 
Prehension, in allowing 
hips or to compare one 
ers, may help to organize 


form into a whole (Abra- 
vanel, 1968; Hatwell, 1959), thereby reducing 


the requirement for integrating successive 
inputs in memory (Davidson, 1972), 

The improved scanning of blind Ss in the 
present experiment points to a flexibility of 
the haptic perceptual system such that different 
forms of haptic attention can be learned. A 
few studies have linked improved haptic 
scanning to superior form judgments by the 


Gibson, 
Lomov, 
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blind (cf. Hatwell, 1959, 1960). In addition, 
style of exploration seems to be one foc 
that differentiates experienced, proficient brail e 
readers from those who are unskilled (Critch- 
ley, 1953). The experienced reader's explo 
tory scanning seems to focus attention on t 
informative parts of the braille word, skipping 
over redundant aspects (Kederis, Siems, 
Haynes, 1965; Nolan & Kederis, 1969). Taken 
together with studies that indicate impro 
ments in scanning activity during omen 
development (cf. Abravanel, 1968; Zinchen А 
& Ruzskaia, 1960а, 1960b), the data sugges’ 
that development of skilled exploratory E. 
tivity may comprise one important type 9 
perceptual learning. 


| 
Ап understanding of the ontogeny ? 


exploratory activity as a form of perceptual 
learning may help to exploit the apparels 
flexibility of the haptic modality to improv 
the information-gathering skills of blind 5% 
А second result would be a better understan 

| 


H d in 
ing of the development of perceptual skill ! 
the normal individual. 
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A target sentence was shown followin: 
a one- or two-word context, or no 
degrees of semantic content. 
appropriate to the target sentences, 


measured according to two differen 


Task 1, SS had to judge whether a 

Reaction times for correct judgments 
context < word context < no contex: 
sentence was appropriate for the 
Sentence context > word context. 
different components of the sente 


Context speeds up the processing of the basic semantic relationships of a 
Sentence. But the presence of context requires an additional process: context- 


sentence integration. 


When Ss read connected discourse, they 
abstract out its theme and use it as a 
mnemonic device to improve their per- 
formance on a retention test (Dooling & 
Lachman, 1971; Pompi & Lachman, 1967). 
This suggests that it is typical and natural 
for sentences to be comprehended as part 
of a larger Semantic unit. In natural 
language, there is а semantic Structure 
among the sentence units and, therefore, 
the meaning communicated by an indi- 
vidual sentence is, to some degree, redun- 
dant with the Context. "This semantic 
Structure and redundancy should be of 
Some use in the comprehensio 
Sentences. It is reason 
ask: Can Ss use cont 
“short circuit" some of 
essing involved in arrivi 
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g the presentation of a sentence context, 


The contexts 


Sentence was meaningful or anomalous. 
with 


preceding contex 
These results sugge: 
nce comprehension 
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context, which represented decreasing 
were cither appropriate or in- 
Time to comprehend the sentences was 


t definitions of "comprehension." In 


appropriate context were: sentence 
In Task 2, S had to judge if a target 
t. Reaction times were: 
st that context affects 


t. 


process in opposing ways. 


of an individual sentence? Does context 
Speed up the sentence comprehension 
process? 

Ап experiment was performed which 
attempted to answer this question in @ 
straightforward manner (Dooling, 1971, 
Exp. I). Comprehension time for various 
Sentences was measured under conditions 0 
prior context versus no context. The 
measure of comprehension time was similar 
to that used by Danks (1969). When the 
Sentence was presented, a clock started. 
The S then read the sentence and indicated 
when he understood it by pushing a button 
which stopped the clock. The results did 
not support the hypothesis. There was n0 
significant Overall effect of context, In 
fact, the context conditions led to slightly 


longer comprehension times, These find- 
ings led to 


, 
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CON 


n 3 Г 
cd speed up the comprehension of the 
Sic meaning of the sentence, but the 


ri E 
. Presence of context may add a process that 


OM time to perform : the sentence 
ens. is integrated with the context. 
E ces which are understood in context 
› in some sense, given a “deeper” 
meaning. 
i present experiment tests the above 
um L^ nd of context-sentence process- 
: ne strategy involves using two ex- 
ое tasks that actually represent 
En» 1 TE definitions of ‘‘comprehen- 
Hider п n Task 1, S has to make a speeded 
tM ent as to whether a target sentence 
jn Жн Чы ог anomalous. To do this, 
neg compute the basic semantic rela- 
NE. pe of the sentence, but no context- 
aa а integration 15 required. Task 2, 
expli пе other hand, requires а rather 
ET process of context-sentence inte- 
оста _ The S must make а speeded 
Nat as to whether or not the target 
PAM follows appropriately from the 
аге Xt. The same contexts and sentences 
M red for both tasks; it 15 solely the 
varied of the speeded decision that is 
A = between them. In each case, the 
as the a correct Y response 1$ taken 
No tri рше of processing time. The 
реке | are included as foils to keep 5 
ега but are not of direct interest in 
elves. 
i ate the previously mentioned study, 
no шс not context versus 
context nh out rather two degrees of 
a a А t ів, оѓ course, impossible to have 
аф p condition for Task 2, and it is 
А \ Ле to compare comprehension times 
апа е two tasks using the same contexts 
(Hr te But more importantly, it 
egitimate to make direct comparisons 
E processing times from two different 
C En he time for a correct YES On each 
em will be affected not only by the com- 
\ од processes required, but also by 
We сеш of the yES-NO discrimination. 
Eu. o not know if the anomalous sentences 
ified as foils for. Task 1 are equal in 
em lo ty with the inappropriate contexts 
Ъ Ployed in Task 2. For this reason, two 
Vels of context are employed: word con- 
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text and sentence context. The sentence 
contexts provide a greater amount of prior 
semantic information. In Task i та 
sentence context should result in faster 
reaction times. Butin Task 2, the sentence 
contexts will require that more information 
be integrated with the basic meaning of 
the target sentence. The facilitative effects 
of the longer context will be offset by the 
fact that there is more context to integrate. 
The major prediction, therefore, is a Con- 
text X Task interaction on the correct YES 
reaction times. In addition to the two 
levels of appropriate context, as described 
above, no-context and inappropriate-con- 
text conditions are also included for Task 1. 
This allows us to evaluate context effects 
across a wider range for the particular level 
of comprehension required by Task 1. 

The experiment also includes a test of 
a subsidiary hypothesis. Fodor, Garrett, 
and Bever (1968) have argued that the 
main verb of a sentence is a central element 
in sentence comprehension. Similarly, 
Healy and Miller (1970, 1971) have pre- 
sented evidence that the verb is more in- 
fluential than the subject in determining 
the meaning of a sentence. Segal and 
Martin (1966), on the other hand, had Ss 
rate the importance of words in sentences 
and found the subject to be most important. 
In the present experiment, there are condi- 
tions where either the subject or main verb 
is given ahead of time as context. Which 
will have the greater effect on Task 1 com- 
prehension speed? If lexical analysis of 
the main verb has a primary role in sen- 
tence comprehension, then advance knowl- 
edge of the verb should yield the faster 
times. The experiment also includes à 
stronger test of the Fodor et al. (1968 
hypothesis. In some cases, both subject 
and object are included in the context. 
the verb is, in fact, the primary operator in 
sentence comprehension, its prior presenta- 
tion may facilitate comprehension speed as 
much as the priming of two other words 
from the sentence. When context is pre- 
sented, therefore, it will focus on one of 
these three sentence elements: (а) subject, 
(b) main verb, (c) subject plus another 
word, usually the direct object. 
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METHOD elements is mentioned in the context. A total of 


236 sentences was employed in the study, 59 of each 
type. For each of the meaningful sentences, three 
anomalous counterparts were constructed. In each, 
а semantic rule was violated, but syntax remained 
intact. The anomalous sentences always contained 
the word or words highlighted by the context. 
This feature forced S to read the sentence before 
making his speeded judgment. The definition of 
meaningful versus anomalous was validated by 
three raters. Examples of the anomalous sentences 
are given in the bottom portion of Table 1. The 
complete set can be found in Dooling (1971). | 

Contexts.—VFor each target sentence, 12 contexts 
were constructed as required by orthogonal com- 
bination of the three relevant variables: appro- 
priateness, amount of semantic information, and 
linguistic focus. An appropriate word context соп- 
sisted of either one or two words from the target 
Sentence, as defined by the linguistic focus variable. 
Inappropriate contexts were obtained by mi9: 
matching the appropriate ones. The appropriate 
sentence contexts consisted of the word or words 
from the word contexts along with added semantic 
information. Each was a short descriptive sentence 
that could serve as a meaningful lead-in to the target 
sentence, About half of the inappropriate sentential 
contexts contained appropriate lexical items. (The 
examples in Table 1 are of this type.) The other half 


Subjects—The Ss were 6 male and 6 female 
students of introductory psychology who were 
fulfilling a course requirement at the State Uni- 
versity of New York at Buffalo. Because the ex- 
periment took longer than the required 3 hr., they 
were also paid $3.00 for their services. 

Design.—All experimental variables were within 
S. They were as follows. (a) Task: Task 1 re- 
quired 5 to make a vES-NO reaction time judgment 
as to whether or not the target sentence was mean- 
ingful. Task 2 required а vES-NO reaction time 
judgment as to whether or not the target sentence 
followed appropriately from the context. (b) Con- 
text: Word contexts consisted of one or two words 
from the target sentence. Sentence contexts con- 
Sisted of a sentence which contained one or two 
words from the target sentence. For ТазК 1 only, 
there was a condition in which no prior context was 
presented. (с) Linguistic focus: Context high- 
lighted one of these sentence elements—the subject, 
main verb, or subject plus another word. (d) 
Sentence type: Sentences of four different gram- 
matical structures were employed. 

Sentences.—Al of the target sentences to be 
comprehended were five words long and conformed 
to one of the four grammatical Structures as follows 

(comprehension times are included in seconds) : 


1. The N 


the N were mismatches of appropriate contexts. Ё Because 
The clown amused the children, (84) the inappropriate sentential contexts econ ia | 

2. Adj N ү Adi N tained words repeated in the target sentence, 5 ha 
Pink bouquets emit fraerant ойу. to read each sentence and could not make a decision 
й ПЧ ets emit fragrant odors. (110) based only on the occurrence of ener er CARN 

S: The Adj N У Аду. words. The appropriateness of the contexts was | 
The old man walked slowly. (98) verified by the ratings of three college students. 

4. PropN ү Prep the N. Table 1 gives examples of the different types of 
John played in' the yard. (89) context for one of the t 


arget sentences, “The baby | 


In these four different sentence frames, the subject 
and the verb Сап occupy three different serial posi- 
tions. This feature of the Sentences discourages 


апу special scanning Strategy when one of these 


vomited the milk." The complete set of 2,832 con- 
texts can be found in Dooling (1971). 
Procedure.—The 55 were told that the experiment 
was designed to find out how context influences the 
speed with which we understand sentences. It was 


Ex 


AMPLES OF CONTEXTS AND ANOMALOUs S NTENCES FOR THE TARGET 


А SENTENCE: 
“THe BABY VOMITED THE MILK.” | 


Sentence type Linguistic 


en Word Sentence 
E os уре baby А baby was given a sour bottle before her nap. 
vomited Vomiting occurred when a sour bottle was given before the 
— . nap. 
Subject plus baby milk A baby was given sour milk before her nap. 
Subject Storm a ras kidna i 
Inappropriate | Verb apo shed A baby was kidnapped from her carriage. 


Vomiting occurred when the ге 


latives ate the spoiled potato 
Subject plus | storm rapidl The bai 
ils "~ he baby became healthier every day due to the nourishing 
poe Subiect The baby drank the house. 
ei Š 1 у 
Subject plus The desk vomited the shoe. 4 


The baby spoke the milk, 
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MCN that "understanding" referred to the 
The М ls ortless process of reading for meaning. 
trials BU fully informed about the number of 
cs RR ocks and the fact that two-thirds of the 
Cola E ones were "yes," They were en- 
ср iie to respond as fast as they could, but to 
Thei ir error rate at about 10%. 
ifthe пина и for Task 1 told 5 to respond YES 
aglish ТЕНЕ string of words made up a meaningful 
{бууаз се and to respond хо if it did not. 
the D. е nphasized that context would be relevant to 
Was mo sentence on most trials. For Task 2, 5 
SEINEN respond YES if the target sentence was 
esed pi and appropriate for the context, and to 
i NO if it was not. | The Ss were told about the 
сацни of trials requiring a NO response and were 
experi ed not to adopt a specialized strategy for the 
ment. 
ow trial began when 5 pressed an advance key, 
qwe the context in the top portion of a one-way 
windo v. Following a second button pre 
This w was blank and 5 repeated the context aloud. 
ee aoe ensured that the context had been 
Dres ered properly and was "on S's mind' before 
e oe of the target sentence. A third pre 
and У advance key presented the target sentence 
À E arted a clock. The clock stopped when either 
called ог No button was pressed. At that point, E 
infor out the time in hundredths of a second, also 
Re ming 5 if he had made an error. The intertrial 
to rval was determined by the time needed by E 
m: Teset the apparatus and change the stimulus 
Aterials, about 2 or 3 sec. 
el Ss Were run in all conditions of the experi- 
мата! design on each of 2 days. Day 1 was con- 
ouis practice. All conditions for a given task 
nue together in a single session lasting approxt- 
day y 45 min. Two such sessions were run on each 
Ss ing Darated bya 10-min. break. The six male 
a id the tasks in the. order 1-2- -1 across the 2 
Wes For the females, it was Task 2-1-1-2. 1 There 
and Seven blocks of trials for each session of Task 1, 
ae E for Task 2. (The extra block for Task 1 s 
liom пе no-context condition). А given block 
TW ee with respect to the context (word vs. 
UR nce vs. none) and linguistic focus (subject vs. 
m Vs. subject-plus) variables. For example, in 
E the blocks of trials, all contexts might be in 
of Шат form and focus on the subject. Because 
s his blocking, S knew what form of context to 
iri and did not have to switch his set from trial 
and P Each block consisted of 18 trials, 12 YES 
o BS In Task 1, 8 of the YES responses were 
ала d ences which followed appropriate contexts, 
ерте ов In Task 2, 3 of the NO trials in- 
context ar 2заррюрниа relationship between the 
Ko tu e meaningful sentence. On the other 
ut vont e target sentence itself was anomalous, 
The eee ce оре or more words from the context. 
making his e im types of Nos prevented 5 from 
Кате sent as Y judgment by merely scanning the 
COtinterbalanced or a key word. The blocks were 
within a' blo s within each task and the 18 trials 
'block were randomly ordered. The target 


sentences were assigned to conditions by a computer 
algorithm, sampling from the 236 possibilities ran- 
domly and without replacement. Assignment ofa 
target sentence to 1 of the 234 (18 Trials X 13 
Blocks) experimental conditions determined which 
context would be selected. Twenty-four sets of 
materials were generated in this manner—a set for 
each S on each day. 


RESULTS AND DISCUSSION 


The dependent measure of major in- 
terest was the time for a correct YES reac- 
tion time on the second day of practice. 
The major analysis consisted of a repeated- 
measures analysis of variance with the 
variables: (а) task (sentence meaning vs. 
context-sentence appropriateness), (b) con- 
text (word vs. sentence), (c) linguistic focus 
(subject vs. verb vs. subject-plus), and (d) 
sentence type (four different sentence 
frames). Context was appropriate to the 
target sentence on all trials considered in 
this analysis. Two main effects were 
significant: linguistic focus, F (2, 22) = 8.6, 
р < .01, and sentence type, F (3, 33) = 38.2, 
p < .001. Neither context nor task was а 
significant main effect. There was one 
significant interaction, that of Task X Con- 
text, F (1, 11) = 12.6, р < 51. These 
significant effects will be described and dis- 
cussed under three separate headings. 
Then the results of two secondary analyses 
will be reported. 

Context X Task interaction.— The signifi- 
cant interaction reflects the fact that con- 
text had opposite effects on comprehension 
time in the two experimental tasks. The 
means for this effect are shown in Table 2. 
In Task 1, comprehension times decrease 
as context increases; the two types of con- 
text yielded a difference of .05 sec. The 
more context, the faster 5 could compute 
the basic semantic relationships of the 
sentence. But context affected. perform- 
ance in Task 2 in quite the opposite way- 
When required to match the sentence 
meaning to the context, longer contexts 
meant longer comprehension times (а dif- 
ference of .06 sec.). This predicted interac- 


tion was in no Way compromise by a 
higher order interaction. In fact, mel 
or à 


tion of these effects was the same | 
three conditions of linguistic focus and al 
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TABLE 2 


MEAN HUNDREDTHS OF А SEcoND FOR A CORRECT 
Yes REACTION TIME AS A FUNCTION OF Tas 
AND CONTEXT 


Context 
Task 
Word | Sentence 
98 (.03) 93 (.01) 
Б 92 (.04) 98 (.05) 


Note.—Mean proposition of false negative errors are included 
їп parentheses, 


four sentence types. The error data, also 
shown in Table 2, reflect the same pattern. 
The reaction time results, therefore, cannot 
be attributed to a speed-accuracy trade off. 

Тће Task 1 results show that prior se- 
mantic information can be used to speed 
up the sentence comprehension process. 
Evidently, the skilled reader has the ability 
to use contextual information to short 
circuit part of the semantic processing in 
computing the meaning for a sentence, 
Although we do not understand what these 
processes might be, the contextual effect 
does bear some similarity to what Neisser 
(1967) has called the “word apprehension 
effect.” Just as letters are not individually 
recognized in the perception of words, so 
too, sentences in context may not need full 
semantic analysis. But in assessing con- 
text effects, a second point must not be 
overlooked. The Task 2 results show that 
additional context can slow down part of 
the comprehension process. Comprehend- 
ing a sentence in context is a more com- 
plex task than comprehending a sentence 
in isolation. It requires more cognitive 
work to relate the meaning of a sentence 
to its context. The experimental analogue 


used to demonstrate this point may need 
further elaboration in 


in context may be given a "deeper" 
meaning, that is, а semantic analysis that 
is highly specific to the Context. (b) In 
comprehending sentences in discourse, Ss 
construct a "theme" or "schema" ; they 
recode the information into larger semantic 


units, and this process takes time to 
perform. 


According to the rationale of the present 
study, Task 2 performance represents an 
addition to the processing required in 
Task 1. Other things being equal, we 
would expect comprehension times in Task 
2 to be longer than for Task 1. In the 
present results, however, the overall times 
Гог the two tasks were nearly identical. 
The following arguments suggest that 
other things were not in fact equal 
and that the results are not seriously 
compromised by this apparent anomaly. 
(a) Direct comparison across the two tasks 
is not legitimate because times for a YES 
response will vary with the difficulty of the 
YES-NO discrimination. It was this logic 
Which led to the inclusion of two levels of 
context for the experiment. (b) If sen- 
tences are normally understood by inte- 
grating their meaning with the context, 
then Task 1 requires an unnatural process: 
S must make a premature “exit” from his 
normal sentence comprehension routine. 
This process may have artificially inflated 
the reaction times in Task 1. (c) The 
error rates for Task 2 were twice as high 
as those for Task 1. 

Linguistic focus.—Correct уз reaction 
times were significantly affected by the 
sentence elements that were highlighted by 
the context. The means were: subject, .96 


Sec.; verb, .98 sec.; and subject-plus, .92 
Sec. No prediction 


was made about this 
main effect, although it is surprising that 
the generally longer subject-plus-another- 
word contexts led to the fastest times in 
both experimental tasks. Contexts which 
contained two sentence elements might 
have been expected to yield longer Task 2 
reaction times, 

The linguistic focus variable was 
cluded in the study primarily 
subsidiary hypothesis abo 
importance of th 
Sentence processin 


in- 
to test a 
ut the relative 
е subject and verb in 
8. Since the hypothesis 
concerns the interaction of linguistic struc- 
tures іп computing the meaning of a 
Sentence, only Task 1 performance is 
relevant to the issue. Also limiting the 
analysis to word contexts, we find that 
Prior presentation of the subject or verb 
of a sentence yielded identical mean com- 


CONTENT EI 


prehension times of 1.01 sec. Two-word 
contexts (usually subject plus object) led 
о faster "Task 1 performance (.93 sec.). 
К гель seem to indicate that neither 
Es с Њу is central for comprehen- 
bilitv um is, however, another possi- 
Eus n postexperimental interviews, 
E eet 8 felt that prior presentation of the 
5 ‘t was more helpful. The reason 
a was that it came up closer to the 
e Vana of the sentence. In the case of 
па Аа they always had to hold it in 
Mory while reading the subject. This 
WS out a confounding that makes the 
of орешек ап inappropriate test 
E hypothesis in question. _The verb 
E came later than the subject in the 
э nces. If intervening words do inter- 
HM then the present results might ђе 
ү n as indirect support for the verb-as- 
Bu hypothesis. 1 he question must 
EL сешп, however, ina new experiment 
im Ch systematically varies the serial posi- 
n of the subject and verb. 
pr lence type—Target sentences of four 
"ammatica] structures were employed for 
he sake of generality. The mean times 
Or the individual sentences were given in 
IP Method section under sentences. It 
Bu. some interest to note that the type 
Ба took the longest to comprehend also 
fe е most complex deep structure. It 
clos da evident that the reaction times are 
Me y related to the number of content 
ings 5. These results differ from the find- 
A of Fodor and Garrett. (1967). They 
Und that adding three adjectives did not 
np the comprehension of sentences with 
ma self-embedded clauses. The difference 
cii lie in the fact that the Fodor and 
аге sentences are not "natural" for 
Eu may not be comprehended in the 
i manner (cf. Marks, 1968). 
dia аср analysis described above 
Verba] ‚ейде the condition in which no 
fence. А ae prese che target sen- 
more ач Де, аз acce showed that 
ое menit aster comprehension. 
3 a oes not necessarily mean that 
п presence of context affects speed of 
prehension. More direct evidence can 
© obtained on this point by comparing 
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TABLE 3 
MEAN HUNDREDTHS OF A SECOND FOR А CORRECT 
Yrs Reaction TIME AND MEAN PROPORTION 
ов FALSE ATIVE ERRORS 


Contest. 


Inappropriate Appropriate 


Measure 


Sen- 
tence 


93 
:01 


Word | Zero | Word 


Comprehension time | 11 
1 


123 |114| 98 
Errors 12 


42 | .04 | .03 


context versus no-context conditions, using 
Task 1 performance as our definition of 
comprehension. The means are shown on 
the right-hand side of Table 3 for zero, 
word, and sentence contexts, respectively. 
(The two columns at the left present means 
with inappropriate contexts, to be dis- 
cussed below.) Context appears to have 
a sizable influence on comprehension speed. 
This was confirmed by analysis of variance ; 
the main effect of context was highly 
significant, F (2, 20) = 16.4, p « .001. 
The percentage of errors reflects the same 
pattern of results. 

Inappropriate contexts.—A logical exten- 
sion of the above results (that a good con- 
text helps) is that a misleading context 
will slow down processing. One-third of 
the yes trials in Task 1 were performed 
under conditions where the context was 
inappropriate. This allows us to compare 
the two levels of inappropriate contexts 
with zero context. The means are shown 
on the left-hand side of Table 3. In an 
analysis of variance paralleling that re- 
ported above, the effect of context was 
significant, F (2, 20) = 435, p < .05. 
But only the word contexts led to worse 
reaction time performance than zero con- 
text. The only performance decrement 
with inappropriate sentence contexts was 
with the error rates. It seems clear; 
nevertheless, that an inappropriate context 
interferes with sentence comprehension. 
It was not predicted that a misleading 
word would have a greater negative effect 
than a misleading sentence. No explana- 
tion for this anomaly is presently avail- 
able. 
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DESCRIPTIVE VERSUS NORMATIVE MODELS OF 
SEQUENTIAL INFERENCE JUDGMENT? 


JAMES SHANTEAU * 


University of Michigan 


Sequences of pink and white beads were 


drawn with replacement from one of 


two boxes. After each bead was displayed, Ss made inference judgments by 


estimating the probability that the beads were drawn from the b 
more white beads. Stimulus sequences were constructed from factorial 
signs which permitted simple tests of additivity 

The judgments were 
ayesian log-odds form and contained both 


position and diagnosticity effects. 
ability form but less additive in B 


ox with 
de- 
vell as evaluation of serial- 
additive in prob- 


as 


general recency effects and small diagnosticity effects. A normative Bayesian 


model did not do as well with these results as a 
dels were able to h 


lel could handle additivity and serial- 


mation-integration theory. Во! 


effects, but only the descriptive mod 


position effects. 


p aferece judgments have been most fre- 

a studied in one experimental situa- 
ЕЕ: er 

1: the “book-bags-and-poker-chips’’ task 


Тр ага, 1968; Slovic & Lichtenstein, 
) In this task, a sample of chips is 


and B from one of two bags of poker chips, 
Which Tra kep a probability judgment about 

S bag was sampled. 
fen Judgments have been studied almost 
ры ДУ within a normative, or Bayesian 
E ork, Despite such shortcomings as 
has E the Bayesian formulation 
Or infe ееп seriously challenged as a model 
Es behavior. Recent evidence 
Tom | + however, that a model derived 
rovide ormation-integration theory might 
teay г an attractive alternative (Shan- 
› 1970). The purpose of this paper 15 
mod Pare the integration and Bayesian 

dels, 

SX Bayesian model is based on an 
al statistical rule which states that 
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descriptive model from infor- 
andle diagnosticity 


the final (posterior) opinion is a product of 
the initial (prior) opinion and the (likeli- 
hood) ratio of the probabilities that each 
bag produced the sample. When the two 
bags contain symmetric proportions of 
chips of two colors, e.g. pink and white, 
this rule can be written as 


R, р W-P Ру 
(288 EE al 
1 Ri (225) 1 =, ОЈ 


In words, the probability after » chips are 
sampled, R,, is a function of (a) the popula- 
tion proportion р, (b) the difference W — 
in the number of sampled chips of each 
color, and (c) the initial opinion Ro. 

When inference judgments are compared 
to this model, they are typically “соп- 
servative," or less extreme than predicted. 
This has been handled by modifying the 
likelihood ratio by an "accuracy ratio." 
Otherwise, the judgments do appear to bea 
function of W — P, Ro and, to a lesser 
extent, р (Edwards, 1968). This led pre- 
vious investigators to claim that the 
Bayesian model provides a basis for under- 
standing inference behavior. 

However, Shanteau (1970) has suggested 
that the Bayesian interpretation of the 
book-bags task may be inappropriate. In 
an initial experiment, he found that infer- 
ence judgments were indistinguishable from 
estimates of population proportion. This 
was quite unexpected since logically infer- 
ence and estimation instructions shoul 
have produced quite different behavior. 


ie 


The same result was found in а second 
experiment which included special instruc- 
tional checks and longer stimulus se- 
quences. This suggests that Ss may not 
be making inferences at all, but may instead 
be making estimation judgments. How- 
ever, Shanteau did not numerically specify 
the population proportions, and so the 
results are not critical for the book-bags 
task. 

Beach, Wise, and Barclay (1970) also 
criticized the book-bags task after finding 
that inferences were closely tied to sample 
proportions. Unfortunately, they failed 
to use a control group with estimation in- 
Structions; this was a crucial feature of 
Shanteau's (1970) experiment. 

As an alternative to the Bayesian model, 
Shanteau (1970) proposed that Anderson's 
(1971) integration theory might better 
account for inference judgments. 
descriptive approach assumes that each 
sample has both a scale value and a weight 
or importance value. The response after 
n samples is then a weighted average 


n 
К, = У Usi, 
i-o 
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This 


[2] 


where the weights sum to 1. For the book- 


bags task, the scale values are 0 or 1, de- 
pending on the color of the sampled bead, 
and the weight values are assumed to vary 
with the serial position of the sample. In 
the present application, this implies that 
the judgments should be additive. Func- 
tional measurement techniques may then 
be used to test the model and to evaluate 
its parameters (Anderson, 1971). 


Тће two models can be compared on 
three grounds. 


: First, the Bayesian model 
predicts that + 


he diagnosticity, Or im- 
portance, of a sample should vary according 
to the population Proportion р. The in- 


tegration model, in contrast, allows diag- 
nosticity to depend on any factor which 
influences the initial weight wo. Second, 
the Bayesian model predicts that the re- 
sponses should be additive after 4 log-odds 
transformation ; this can be seen by taking 
the logarithm of Equation 1. In compari- 
son, the integration model assumes that 
the responses are additive under a mono- 
tonic transformation (Anderson, 1971). 
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Since the raw responses are typically 
appropriate (Anderson, 1971) and Shanteau | 
(1970) found that probability responses 
were additive, no transformation was 
applied to the present judgments. F inally, 
the integration model allows serial position 
effects to play a significant part in the 
judgments, while the Bayesian model pre- 
dicts zero (no) order effects. 


Метнор 


Sequences of pink and white beads were drena 
with replacement from one of two boxes. After eac џ 
bead was displayed, S estimated the probability 
that the beads were drawn from the box with more 
white beads. Two levels of diagnosticity were usec 
with different Ss. In the 60/40 condition, one box 
contained 60 white and 40 pink beads and the E. 
contained 40 white and 60 pink beads. The 75/2 
condition used boxes with contents of 73 and 25. 4 

Stimulus sequences.—All_ Ss saw the same 2 
sequences of 4 to 11 beads. The middle 18 sequence? 
were constructed from two factorial designs. A 4 
factorial specified 16 sequences that the first ч 
serial positions contained all possible combination? 
of pink and white beads. А second factorial design 
specified the sequences over 9 serial positions. Since 
à complete 2? factorial was impractical, a highly | 
confounded, orthogonal main-effects design was 
used (Addelman & Kempthorne, 1961, p. 140). 
"These sequences were arranged to contain (overlap. 
most of the 2: Sequences over the first 4 seria | 
positions. This allowed complete tests of additivity | 
for the fourth responses and confounded tests fot 
the ninth responses. This also allowed derivation 0 
serial position weights for both response positions. 

Two precautions were taken in arranging the 


Sequences. First, the sequences were presented i? 
SiX different orders according to a Latin square 
arrangement. This 


permitted checks of possil 
order-of-sequence effects; however, no significant 
effects were observed in either the 60/40 or 75/25 
condition. Second, the first and last three sequence? 
were identical to check On the consistency of th* 
judgments over the experiment; however, the 1 
sponses turned out to ђе relatively invariant. 
Procedure.—Ror practice, 5 initially drew а 5€ 


quence of beads from each of the boxes, After eac? 
draw, S used the 


accumulated evidence to estimat® 
the probability that the beads came from the most 
white box. After replacing the bead, the box wi 
mixed up and another bead drawn. Following th! 
Practice, $ w; 


4 
аз told that to save time, Æ woul 
draw the remaining beads. 


Each sequence be 
S's view to deter: 
selected box was 
drawn from it. 
convince S that 
third box was 
tioned into on 


ble 


f 
gan by E flipping a coin onne 
mine which box to use- ads 
Placed in front of S апа Бег 
While this procedure was a 
the draws were random, a ЗР 
actually used. This eee Poids and 
е part with only У 


| 
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gol 60/40 4 ,WWWW | 
E WWWW 

+ | 
= PWWW ИН | 
5 WWPW WPWW 
= WPWW | WWWP 
eo МИР T л 
3 ppww | PPWW 
= о PWPW | PWWP 
> РИНР 7 РАР °] 
FE WPPW | WPWP 
= WPWP | WPPW 
= wwe | МИРР | 
8 PPPW 
е PWPP PPPW 
ES PPWP PWPP 
WPPP + WPPP 4 
= PPWP. 
5 
РРРР 
= + ОРЕК ЕТ 
^ — & L le —. — = 7 m 1. + Se) 2+ 
RO RI R2 R3 R4 RO RI R2 R3 R4 


Fic. 1. Backward projection of R4 judgments for 60/40 and 75/25 conditions: 


additivity analysis for 


ar H 
iron With only pink beads; this allowed E to 
e es y mix up beads while drawing a bead of 
Was pi Scribed color. After each sequence, the box 
Coin ака behind а partition and E flipped the 
hir select the next Бох. The entire session lasted 
Mac sesPonses were made on 14, 4-in. lines dis- 
еа, еы шау on a 8@Х111п. sheet. „Ав сасһ 
On the ШОС S recorded its color as SW А ог up 
Mates eft edge of the page. The probability esti- 
throu ee then made by making a pencil mark 
Ed H pe line. After each estimate, S covered 
board. р, previous estimates with a piece of card- 
artifi 8 kept 5 from using his previous marks as 
ilities cial memory aid. To correspond to prob- 
04 in i these ratings were recorded to the nearest 
Жар i a 0 to 100 scale. . 
Dro Abile, was described as representing a range of 
he ЕЕ from 0 to 1. The 5 was told to mark 
White h end if he was absolutely certain the mostly 
he wa: Өх was picked. Tf he was totally uncertain, 
Certain to mark the middle. If he was absolutely 
ik s the mostly pink box was picked, then he 
ала mark the left end. To check S's under- 
Mark n he was initially required to correctly 
wd he probabilities .25 and .90 on a line. | 
Sentin procedural, precautions were taken in pre- 
thé he stimuli. First, filler beads were added 
пе 0199 of most sequences to avoid end-of- 
the iE response effects. Second, the contents 
labeled oxes were visually defined by filling clearly 
boxes plastic bags in exactly the same way as the 
o MI hese constantly visible bags were expected 
M. Ane any diagnosticity effects by making the 
Say oportions more concrete. EM 
Class с Forty-eight undergraduates fulfilling a 
hi SUBE were randomly assigned in equal 
rs to the two diagnosticity conditions; six 


an 


nu 


integration model. 


additional Ss were eliminated due to procedural 
difficulties. Pairs of Ss were run together, but 
separated by a partition. 


RESULTS 


The fourth (R4) and ninth (R9) serial 
judgments were selected for detailed ex- 
amination. The mean R4 values appear 
as open circles in Fig. 1. The actual bead 
sequences are labeled next to the points, 
with W and P indicating white beads and 
pink beads, respectively. 

Diagnosticity—The R4 values in two 
panels of Fig. 1 reveal a very similar 
pattern with the 73/25 judgments more 
extreme by an average of 2.7%. However, 
this difference was not significant as shown 
by the Condition X Sequence interaction. 
For R9 judgments, the 75/25 values were 
more extreme by an average of 4.396 
which was significant, F (11, 506) — 2:29: 

This finding suggests that the diag- 
nosticity effect of population proportion 
increases across serial position. Since pre- 
vious workers have typically collapsed 
their results across serial position, this may 
account for why some investigators report 
a diagnosticity effect (e.g. Edwards, 1968), 
while others report little or no effect (e.g. 
Pitz, Downing, & Reinhold, 1967). Both 
views may be correct since the size ап 
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% 


MEAN PROBABILITY JUDGMENT, 


er 


ica Ce ЧЕНЕ: ШЫЙ! 


-4 2 0 2 4 
NUMBER OF WHITE MINUS PINK BEADS 


Fic. 2. Mean 
conditions: additi 
(Horizontal axis i 
beads; vertical 
probabilities, 
straight lines: 
tion, and the st 


judgments for 60/40 and 75/25 
vity analysis for Bayesian model. 
5 the difference in white and pink 
axis is the log-odds spacing of 
Normative predictions 


the steeper line is the 75/2 
Vallower line is the 60/40 pre ction.) 


reliability of the effect depends on the 
particular serial Positions analyzed, 
Additivity. Тһе raw responses were ana- 
lyzed both graphically and statistically for 
additivity. The graphical analyses in Fig. 1 
employ the backward Projection scheme 
Proposed by Shanteau (1970). The closed 
circles in each tree diagram were produced 
by successive averaging of the R4 values; 
€g., each R3' Point is the average of the 
two connected R4 points, Additivity Means 
that all upward (or downward) sloping 
lines between adjacent Serial positions 
should be parallel, Inspection of Fig. 1 
reveals some evidence of nonadditivity 
between R3' and R4, but the remainder 
of the plots appear quite orderly, 
Statistically, the integration model pre- 
dicts that all four three-way interactions 
in the 2! factorial should be nonsignificant, 
Analysis of the probability responses ге- 
vealed that none of these interactions were 
significant, There was one discrepant two- 
way interaction in the 75/25 condition be- 
tween the third and fourth (3x 4) serial 
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positions, F (1, 23) = 4.65. Howey p 
two-way and four-way eee ыы | E M. 
no interest since symmetry alone wer 
pink and white beads) implies that ad 
should be zero. Since that means E 
nonsignificant interactions cannot be e. 
as support for the model, it also gd ТЕ 
such interactions are not particular Y > 
evant (Friedman, Carterette, & Anderson, 
обе 

ue Bayesian additivity prediction cay 
also be analyzed graphically and ваи 
tically. The graphical analysis SHOWIN S 
Fig. 2 has been used in most norma ан 
work. Тһе mean R4 and R9 values 8 У 
plotted as a function of log odds on Ет 
vertical axis and white-minus-pink € : 
on the horizontal axis. Additivity implie 
that the data should plot as a straight ling 
and both the 60/40 (closed circle) a 
75/25 (open circle) points appear to d 
roughly linear. For comparison, the o 
mative predicted lines for the 60/40 p 
75/25 conditions are also shown, and ш 
conservatism effect is clearly evident, espe 
cially for the Steeper 75/25 line. 

To examine the Bayesian additivity pre 
diction statistically, the data were first 
transformed into log odds and then алаң 
lyzed as above. Two of the three-way 
interactions (Positions 1 X 2 x 4 and 2 
X 3X4) were significant in the 60/40 
condition, and one three-way interaction 
(1 X 2 X 4) was Significant in the 75/23 


condition, Overall, the log-odds data werg 
noticeably less additive than the raw 
responses, 


Serial position curves.—Since the inte- 


gration model was supported, it can be 
used to estimate the serial weights. These 
estimates (from Equation 3 below) have 
been plotted in Fig. 3 as serial position 
curves. Тће R4:75/25 curve, for example: 
gives the influence of the first four beads 
оп the fourth 75/25 response; thus 
the weight of the third bead was just 
under 16%. 

A recency effect | 


o. : 24 
s visible in both | 
Curves, showing 


that later aw. 
Sequence carry more impact. A Re. 
trend can be seen in {һе R9 QUEM 
although the 75/25 values аге ae 
What irregular. Some caution ae 
be exercised, however, in interpreting 


| 
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SERIAL POSITION 


Fic. 3. Serial position curves of R4 and R9 judgments for 
60/40 and 75/25 conditions. 


R9:75 


DE ЕЛҮ А "Ow s 
of 125 curve since an additivity analysis 


m Confounded 2° design „(Hahn & 
рат Ш 1966) revealed а significant dis- 
А eet F (2, 276) = 10.73. ‘Therefore, 
б E curve may not be entirely valid. 
ра St, there was по Significant dis- 
hes for the R9:60/40 judgments, and 
Stim, и values in Fig. 3 are valid weight 
"Dates, 
а uk the reliability of the recency 
each ые Ка weights were computed for 
Weight: . This permitted analysis of the 
Cant ооа serial position, and signifi- 
tions er effects were found in both condi- 
Seria] pce the same pattern of 
Sire ru was found for the weights 
d from the log-odds data. 
Ween of initial opinion.—The initial 
Sit values for the R4:60/40 and 
КИ judgments were .466 and .353, re- 
s he Thus, even after four samples, 
vM still attaching considerable im- 
A ee their initial opinion. These wo 
CR also provide an index of the pre- 
18у noted diagnosticity effect. 
€ remainder of this section summarizes 
Фу ameter estimation procedures. Each 
tal position weight was estimated by 
РА HE the difference, D;, in marginal means 
А Бе corresponding factor of the design. 
rms of Equation 2, 


с 


the р: 


D; = wi(sw — sp). 


[3] 


These differences are proportional to the 
weights and have been plotted in Fig. 3 
(for further details, see Weiss & Anderson, 
1969). 

The estimation of the initial weight re- 
quired some new procedures. Since the 
sum of the weights equals one, 


n 


wi = 1 — У wi 


i=l 
Plugging this into Equation 3 yields 
Do = we(sw — sr) 
n 
= (sw — y= 2; Di. [4] 
i=l 
When (sw — sp) is known, this can be 
used to estimate wo. 

The initial scale value can be estimated 
by using the grand mean, m. This can be 
expressed as 

= 70; 
m = ws + Y; z (sw + sp). 


i=1 4 
Rewriting and substituting in Equation 3 
leads to 
Sw Sp d е 
2005) = M — Ко = SoD; I 
2бт — sp) ii 
The sp value can be derived directly by 
using Equation 4 to estimate Wo. 7 
These estimation equations were used in 
the present study by letting sw — 1 and 
sp = 0. 


-— 
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Discussion 


Of the three comparisons between the 
models, the data favored the integration model 
on additivity and serial effects, and agreed 
with both models on diagnosticity. However, 
the primary concern is not as much in the 
exact fit of the models as it is in deciding 
which provides a better basis for understanding 
inference judgments. 

Тће greatest difference between the models 
was observed for the serial position effects. 
The recency effect replicates earlier studies 
(Pitz & Reinhold, 1968; Shanteau, 1970), and 
taken together these findings provide strong 
evidence of order effects in inference judg- 
ments. Of course, such effects are commonly 
observed in other information-processing tasks 
(Slovic & Lichtenstein, 1971). The integra- 
tion model expects such effects and handles 
them with an assignment of weight parameters 
to the serial positions. The normative model, 
on the other hand, predicts equal weighting 
and so is unable to handle any order effect 
at all. 

In terms of additivity, the integration model 
was definitely superior to the Bayesian model 
The Bayesian model s 
significant interaction 
model showed none. 
Shanteau's (1970) findi: 
responses are additive. 
Suggest that any 


howed three out of eight 
5, while the integration 
This result replicates 
ng that raw probability 
Together, these studies 
nonlinear transformation, 
Such as log odds, is inappropriate for prob- 
ability responses. Of course, other response 
scales may lead to different results. 

А strong diagnosticity effect was predicted 
by the Bayesian model, and a weak effect w. 


as 
found. However, w 


ithin the constraints of 
additivity, the Bayesian predictions can be 
modified by the accuracy ratio to account for 
diagnosticity, The integration model, on the 
other hand, handled the Observed effect 
through the initial Weight parameter. While 
both models can handle such effects, the inte- 
gration model does so directly through a de- 
scriptive analysis, while the Bayesian model 
does so through modification of a normative 
prediction. Thus, the integration model pro- 
vides a more direct analysis of the variables 
which influence diagnosticity, 

In each of these comparisons, the Bayesian 
model made exact, a priori predictions, And 
in each case, these predictions Were incorrect, 
The integration model, on the other hand, did 
not "predict" any of the effects. However, 
it does allow for and is able to handle the 


results. The key point is that it can measure 


these effects, and these measurements аге 
validated within the functional measurement 
framework (Anderson, 1971). ОЁ course, 
these measurements can then be used by the 
model to predict other aspects of the behavior, 
such as the response on any trial to a particular 
sequence. { у 
An additional advantage of the integration 
model is its ability to handle probability 
learning (Friedman et al., 1968) and estima- 
tion judgments (Shanteau, 1970) as well d 
inference judgments. The integration mode 
thus provides a unified theoretical treatment 
of sequential decision making which is begin- 
ning to have considerable experimental support- 
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SCANNING, CHUNKING, AND THE FAMILIARITY EFFECT 


| IN TACHISTOSCOPIC RECOGNITION ! 


D. J. К. MEWHORT? 


Queen's University 


The experiment meas 


| letter sequences both immediately after tachistoscopic present 
While 55 could always report more letters 
from the familiar strings, the load imposed by familiar strings was greater than 
by random strings immediately after presentation. However, after 
organization the latter relation reversed. The data were discussed as 
ociated with the transfer from iconic to 


ted with more general organizational pro- 


а l- 


c. period of organization. 


for two familiarity effects, one 
short-term memory and one associ 
cesses within short-term memory. 


E. row of letters is presented 
Which MB the number of letters 
On the Ра SE reported correctly depends 
ог exa Structure of the letter sequence. 
ере more letters сап be reported 
E НЕ om а nonsense row constructed 
from . frequent letter patterns than 
а, randomly derived row (Miller, 
Variety & Postman, 1954). Although a 
bias Y of authors has suggested a response 
ашы guessing interpretation of the 
nents рУ effect, a recent series of experi- 
has shown that such an account 1$ 
adequate (Bryden, 1970; Mewhort, 
| агре 1970). Instead, it appears that a 
mili Part of the benefit available for 
int, ar patterns reflects ease of encoding 
Short-term memory. For example, 
| have Nort, Merikle, and Bryden (1969) 
refs, 8460 that the familiarity effect 
| from E processes involved in the transfer 
Cally Conic to short-term memory. Specifi- 
| Droces it was argued that the transfer 
(Sca S involves a left-to-right operation 

| (ning) which proceeds more rapidly 
Pres More familiar the letter pattern. 
t,  umably, the more rapid the scanning, 


er > 
me Nore complete the input to short-term 
mory, 


Mey 


Th = 
е Uu 
Strin Claim that letters of a familiar 
Tuy аге easier to report because they 
ле 
Anus. ген reported here was supported by the 
APA-318 Research Council of Canada Grant 
ler assist. Тће author thanks Pat Crawford for 
А Regu ance throughout the investigation. 
| Mewhort, D for reprints should be sent to D. J. K. 
1; х d Department of Psychology, Humphrey 
en's University, Kingston, Ontario, Canada. 
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гей memory load imposed by familiar and by random 


ation and after 


a period of 
evidence 


are transferred more rapidly from iconic 
to short-term memory, however, appears 
to be at odds with data reported һу 
Baddeley (1964). Baddeley presented 
random and familiar letter strings at a 
duration long enough for Ss to read each 
letter aloud. Thus, his conditions pre- 
clude any useful scanning effects—the 
presentation time was too long for such 
effects to be relevant. His results showed, 
however, a large difference in recall favor- 
ing the familiar sequences. Baddeley's 
interpretation. focused on the concept of 
chunking (Miller, 1956) and argued that 
familiar sequences are sustained more 
easily because they lend themselves more 
rapidly to organizational processes in 
memory. 

Baddeley's work illustrates the incom- 
pleteness of the scanning model suggested 
by Mewhort et al. (1969). The two sugges- 
tions, however, are not incompatible. Тће 
present experiment was designed to explore 
the possibility that the familiarity effect re- 
flects two processes, one associated with 
the transfer from iconic memory and 
another associated with тоге general 
organizational processes within short-term 
memory. The suggestion is that the two 
sources of the familiarity effect occur inde- 
pendently and successively. Тће strategy 
used in the experiment involved measuring 
memory load imposed by familiar and by 
random sequences both immediately after 
scanning and after a period of organization. 
Briefly, the argument is that because of 
more rapid transfer from iconic memory 
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to short-term memory, familiar letter 
Strings rather than randomly derived onces 
ought to impose a greater load on short- 
term memory immediately after scanning. 
Once in short-term memory, however, the 
material can be organized. Presumably, 
organization in memory isa skill requiring 
both time and central processing capacity 
(cf. Moray, 1967). Following Baddeley, 
it seems reasonable to assume that familiar 
Sequences are organized more easily than 
random ones. "Thus, once the materials 
have undergone organization within short- 
term memory, the relative load on memory 


for the two types of material ought to 
reverse. 


METHOD 


Subjects —The 16 Ss Participating in the experi- 
ment were undergraduates enrolled in introductory 
Psychology courses at Queen's University, Partici- 


pation in the experiment fulfilled part of the course 
requirement. 


Materials.—Eight 


pseudowords of zero-order 
approximation and ej 


ight of fourth-order approxi- 
mation were taken from the lists provided by Miller 
et al. (1954), Sixteen eight-item digit series were 
constructed by selecting digits randomly, subject to 


the restriction that no digit was repeated within a 
series, 


The ma 


ared for Presentation in a 
Gerbrands three-field 


tachistoscope by printing 
case letters on а White card 
-ettering No. 287). 

The visual angle subtended by a row of items was 
approximately 5° X 4.09. The letters were posi- 
tioned approximately ,59 above the horizontal of the 
visual field and the digits were positioned an equal 
distance below it. A fixation stimulus was prepared 
two rows of ampersands in positions 
he letters and digits. All ma- 

ayed with a luminance of approxi- 
Procedure, То 
consisting of tw. 
When ready, S 


begin each 


approxi- 
nally a return 
trials within 
the time interval 


t ^1, а digit series, and fir 
to the fixation field, F, 


each order of approximation, 
between the letters and digits was 0 sec. For the 
remaining trials, the interval was 1 sec, During 
the 1-sec. interval, the tachistoscope was dark. 
The exposure time for both the letters апа the digits 
was 100 msec., and the fixation field remained on 
after exposure of the letters and digits for 2 sec, 

The .Ss were instructed that they would be shown 
nonsense letter strings and random digit Strings, 
In addition, they were told that some of the letter 
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strings would look more like English than the ош, 
In elaboration, Ss were told about the nari 
fourth-order pseudowords and were cautioned ed 
none of the "familiar" material had been prepa E 
by mutilating a real word. Тће S's task Кр 
report orally as many of the items as he cou NT 
Order of report to be used required digits ji 
followed by the letters. The instructions empl a 
sized that both the letters and the digits ps 
"important," i.e., that à strategy of reporting E 
one or the other was not acceptable. Notice 
although the letters were presented before the E 
recall of the digits preceeded recall of the let E 
Thus, the load on memory imposed by the t ud 
was present during presentation and recall ol En 
digits, and changes in the load produced by va 
the interstimulus interval could be monitoreei 
directly in terms of digit recall (cf. Savin & 
honock, 1965), "|. 
и Each 5 di ind 16 trials, i.e., four replica a | 
for the factorial combination of two variab e | 
interstimulus interval, and order of approxima АД 
Across Ss, each pseudoword was used equally o des 
for both interstimulus intervals. Pairing of pseu Е 
Words to the digit sequences was det 
randomly for each 5, and the order in which t 


He А е mly | 
conditions were presented was determined randor 
for each 5. 


ach 2. 
Before beginning the experiment proper, each 


received a. number. of practice trials to familiar 
him with the tachistoscopic task. Practice He 
involved recognition of first-order approximata 
to English and started with a long exposure duran j 
$E« 900 msec. Practice was continued wit 
decreasing exposure until 5 could report at leas 
four letters correctly at any exposure of 50 твес. 


RESULTS AND Discussion 

The number of letters and 
correctly was tallied for е 
data were collapsed acr. 
and were entered into analysis of variance: 
The data are summarized in Table 1. ` 

Letter аСсиғасу.—Аѕ is shown on thé 
right side of the table, more letters wer? 


digits reported 
ach trial. Th 


TABLE 1 


РЕКСЕ TAGE OF ITEMS Correcr 
Material 
Inter- Я 
stimulus Digits Letters 
interval E 
= о = две И 

Os да да ЗА 
0 sec. 39.6 37.1 21.7 332 EN 
1 sec. 42.6 46.5 27.9 46.9 


* Approximation to Eng! 


sh of letters. 
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Ti d 

E d correctly from the fourth-order 

E с than from the zero-order ma- 
Bu P(1,15) = 41.957, p «.01. In 


addition, rec; 
tion, recall was greater for both orders · 


stim p oximation at the longer inter- 
< (1 1 interval, F (1,15) = 16.709, р 
NC c» Шеге was no interaction be- 
In eost e | variables, F (1, 15) = 1.453. 
D d the data for letters showed a 
thy familiarity effect throughout. 

EA ee a eg is shown on the left 
digits ig ү гаш, the pattern of results for 
letters - е Шеп from that for. the 
Were x Specifically, while more digits 
E еч correctly at the long inter- 
< 01, d neerval, у> a, 15) = 7.035, ГА 
of нм was a significant. interaction 
E co mulus interval with order of ap- 

E es F (1, 15) - 7.680, p < 1. 
digit том the zero interstimulus interval, 
ошт call was lower when paired with a 
; order approximation to English than 


Wi 

1 Zer H H ~ . 
"a zero-order approximation to English. 
Ver © l-sec. interstimulus interval, how- 


3 
к ‘oad on short-term memory immedi- 
fo. У. after scanning ought to be greater 
Orde, ћ-огдег material than for zero- 
has леа, but that once the material 
t E organized, the relative load ought 
| rse, [n the present experiment, the 
9n memory imposed by letter se- 
."S was monitored both immediately 
i er" à 1-sec. period of organization 
identify. of the number of digits Ss could 
sistent - The pattern of results is con- 
Шоу e the argument derived from 
though. Е oad considerations. Thus, al- 
Е S could report more letters from 

°urth-order string than а zero-order 


string at both interstimulus intervals, at 
the zero interstimulus interval recall of 
digits paired with fourth-order material 
was lower than of those paired with zero- 
order material. At the longer interval, 
however, the latter relation reversed. Thus, 
the experiment provides evidence that 
scanning is not identical to chunking but 
that the two processes are complementary. 
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Three experiments tested whether visual processing operates under attentional 
control, and with temporal-spatial capacity limitations. ‘The identified 
which of two key letters was present in briefly presented four-letter displays. 
The simultaneous condition presented the letters concurrently for £ msec., 
preceded and followed by masking fields. The sequential condition presented 
the letters successively, each preceded and followed by a masking field, each 
for t msec. In the sequential condition, Ss were given the onset order of the 
four letters. Models postulating attentional control and limited capacity 
would predict an advantage for the sequential condition since in this case 
processing capacity need not be simultaneously shared among four letters. 
The results demonstrated simultaneous and sequential conditions to be equal. 


It was concluded that the initial st 
the level of letter recognition, 
without attentional control. 


This paper presents three experiments 
designed to test two basic questions about 
visual information processing. First is the 
question of attention: can the amount and 
rate of information processed from a briefly 
presented image at a given location in the 
visual field be varied by $ voluntarily (ex- 
cluding muscluar control Such as eye move- 
ments, focusing effects, and postural adjust- 
ments)? Second is the question of capacity : 
is the information processed from a given lo- 
cation of a briefly presented display affected 
by the simultaneous processing of informa- 
tion from other locations in the display ? 
The most well-known quantitative models 
of visual Processing, those of Estes and his 
co-workers (Estes & Taylor, 1964, 1966: 
Estes & Wessel, 1966) and that of Rumel- 
hart (1970), imply a yes answer to both 
questions. On the other hand, recent 
empirical and theoretical work by Eriksen 
and Spencer (1969) and Gardner (1970, 


1972) argue strongly that the answer to 
both is no. 


We turn to a summ 
Gardner, 1972, for 
and begin by defini 


агу of this work (see 
à more complete review) 
ng the two most relevant 
1 The research in this pa Der was s 
United States Public Health Batis Gon at 
1789 and MH 12707-05. The authors are indebted 
to David Allmeyer for running the experiments, 
helping in the analysis of the data, and Providing 
numerous helpful insights. 
? Requests for reprints should 
M. Shiffrin, now at the Departr 
Indiana University, Bloming 


be sent to Richard 
ment of Psychology, 
ton, Indiana 47401, 


ages of visual processing, up to at least 
take place without capacity limitation and 


tachistoscopic paradigms. When a display 
of symbols, usually letters, is presente 
tachistoscopically and 5 asked to try t° | 
report all the symbols presented, the pro 
cedure is termed “whole report” (Sperling: 
1960). When S is instead asked to report 
merely the presence or absence of a know” 
letter or to state which of two known letters 
is present, then the procedure is calle 
"detection" (Estes & Taylor, 1964, 1966). 
We consider first the question of capacity 
limitation. All researchers agree that 
capacity is limited to at least a certai! 
degree. The agreement results from the 
extensive documentation of lateral mask- 
ing: when information is presented 1? 
closely adjacent spatial locations, inter 
ference occurs and the processing from both 
locations is hindered (for example, set 
Collins, 1969; Woodworth & Schlosberg 
1954, pp. 104-105). However, when the 
locations used are sufficiently separate 
spatially, the capacity question is a very 
real one. The evidence in favor of limite! 
capacity is centered in the display size effect: 
S's probability of reporting any given lette 
in the whole-report procedure and S’s prob 
ability of correct judgment in the detection 
Procedure both fall as the number of letter? 
in the display increases (Estes & Taylor 
1964, 1966; Sperling, 1960). These effect? 
аге easy to explain if the amount and rate 
of information processed from a given dis” 


Play location is smaller when the displa* 
Contains a 1а ah 


Weer number of letters. 4 
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alternative explanation of the display size 
effect is available, however.  Sperling 
(1960, 1963) suggested that the perfor- 
mance dropoff in the whole-report pro- 
cedure was a result of well-known post- 
perceptual short-term memory limitations; 
i.e., all the letters could be processed and 
entered into memory, but not all could be 
Successfully recalled from memory there- 
after (see also Atkinson & Shiffrin, 1968). 
The detection procedure was designed by 
Estes to bypass these memory limitations; 
and hence the short-term memory explana- 
tion would not hold for the display size effect 
found in this paradigm.? However, the dis- 
Play size effect can be predicted from the 
effect of confusions among letters on the 
decision process S must use. This idea was 
first proposed by Eriksen and Spencer (1969) 
for their yes-no detection experiments and 
extended by Gardner (1972) to detection 
Paradigms in general. The effect of con- 
fusions, in this view, can be outlined as 
follows, The more letters there are in a dis- 
Play, the greater are the number of letters 
that will be confused with the letters to be 
detected. The greater the number of letters 
Confusable with the letters to be detected, 
the more difficult it will be to decide which 
of the two key letters was in fact presented. 
Indeed Gardner (1971) has shown that per- 
formance does not decrease with display 
ze if the distractor elements in the display 
àre not confusable with the letters to be 
detected. Also, Estes (personal communi- 
Cation) has reported the results of an experi- 
Ment with numerous conditions, two of 
Which replicated the finding that a display 
Size effect disappears when the distractor 
elements are not confusable with the target 
elements. This experiment used linear 
arrays of four, six, and eight elements.* 
Тће evidence in favor of controlled atten- 


b 2 [n many whole-report and detection experiments, 
Poth lateral m: ng and acuity factors were not 
sufficiently controlled. Опе might argue that the 
ue taken to indicate capacity limitations in these 
7S were due to these uncontrolled factors. How- 
at Garner (1970) controlled for both lateral 
f asking and acuity and failed to observe differences 
rom the previously reported patterns of results. 
: * We refer the reader to Gardner's (1971) paper 
Or a complete discussion of the effects of 
confusability. 


tion derives from experiments using a post- 
exposure cue (Averbach & Coriell, 1961; 
Sperling, 1960). At some point following 
display offset, a cue is given to S telling 
him to report only the letters in a specified 
subset of display locations. Recall of the 
subset is superior to recall of the entire 
display, but the difference goes to zero as 
the cue delay approaches .5 sec. Attention 
models explain this result by assuming 5 
shifts his attention entirely to the cued 
subset at the moment of cuing; the smaller 
the subset, the greater attention will each 
member receive (see Rumelhart, 1970). 
An alternative explanation would assume 
that postperceptual memory effects would 
be increasingly bypassed as the cued set 
became smaller. This explanation does 
not posit switching of attention. Although 
postexposure cuing has not been attempted 
with a detection procedure, both the atten- 
tion model and the confusion-decision 
model mentioned above would predict an 
advantage for a smaller cued set; such an 
experiment would therefore be indecisive 
on this issue. 

Тће Eriksen and Spencer (1969) experi- 
ments provide evidence for "unlimited"- 
capacity, nonattention models of visual 
processing. These experiments used a cir- 
cular array of 10 positions and a detection 
technique. The 10 letters of the display 
were presented 1 at a time in the 10 loca- 
tions, in a random sequence. The critical 
variable in these experiments was the time 
between successive letters (ISI). The Es 
hypothesized that when the ISI was very 
short, say 5 msec., any limitations on 
processing capacity would come into play 
and processing capacity would have to be 
shared among the 10 letters presented. On 
the other hand, when the ISI was long, Say 
3000 msec., each letter could be processed 
separately and no processing limitations 
should be encountered. Therefore, capa- 
city limitations should lead to superior 
performance at the very long ISIs. То 
sum up their results, detection performance 
was identical for ISIs of 5 msec. and 3,000 
msec. Although these results are quite 
striking, a number of methodological prob- 
lems in the experiments prevent us from 
concluding without question that per- 
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TABLE 1 
RESULTS OF EXPERIMENT | 
5 56 x 
Level of confusability Si 5: E Se s 
and cond. 
a. Probability of correct letter detection 
| 7 7 818 
72 .89 .87 -70 : 
Eee | м | ж ы] | а I 
Mele :08 107 :00 :00 03 - : 
i 5 59 .683 
Sequential 67 .55 n? 01 — 01 .00 016 
Difference —.06 BH . 102 01 —.01 .025 
Маш. 01 09 01 Е | 
b. Probability of correct location judgment 
H 5 82 833 
Simultaneous += n 10 б 3 .86 du 
M ca 109 10 :03 :05 m —.04 0 
High 5 7) 469 
ТИТ День 40 48 36 .58 En 488 
Mire rn 03 i :98 Ame ME 
1 Cd А E :07 :01 <04 :03 —:03 :025 
с. Joint probability of correct letter and location 
Low 
Simultaneous 71 .79 56 .88 .78 .62 "002 
Sequential 64 .67 155 .85 .74 .66 > 
ifference .07 42 .01 .03 04 —.04 042 
High h 
Simultaneous 31 43 .32 .58 54 28 “2 
Sequential .35 41 .33 .54 .53 2f 420 
iflerence —.04 -02 —.01 04 01 :01 .001 
Маш. 01 06 :00 :03 102 —:02 1022 
Note Number of observations are as follows: 


ап stimulus durations in 
Observations 15 


sequential condition, 
played at a time, Th 
strates а typical stim 
taneous condition: (a) 
continuously until $ де 
When this occurred, (b) f, 
displayed for 400 msec. 


(c) Following these 
four stimulus characters appeared for 
exposure duration, the duration de 
dividually for each S (see below). (а) 
after the offset of the stimulus 
masks, identical to the premasks, 
continuously until S made his re. 

The second diagram of Fig. 2 (Exp. 
a typical stimulus exposure і 


milliseconds are 47 for 
1,299 and mean stimulus duration is 


only one character was dis- 
€ top diagram of Fig. 2 illu- 


Premasks, the 
а preselected 
termined in- 


array, 


» Were displayed 
sponses, 


Sui 1,442 for Sa; 1,541 for 55; 


+l msec. for all 


masks, 
by a stimulus ch: 
Same exposure d 
condition. 
upper-left-hand 


he simul- 
appeared 
ch panel. 


Immediat ely 


four post- Sponses. Note th 


given character w 
and 

rocedure.—Each 
Session and three exp 
Involved the same b. 


30 for S3; 43 for 54; 50 for 55; and 
Ss. 


were displayed; 400 msec. 
the upper-left-hand 


mask, and simultaneously the upp 
mask was replaced by the 


at the ехроѕц 


às identical in both si 
Sequential conditions. 


835 for 54; 2,114 for Ss; and 800 for S. 


40 for So. 


Mean number of 
after onset of the pre- 


uration used in the simultaneous 
(c) After this duration had elapsed, the 


Tacter was replaced by a post- 


per-right-hand pre- 
Second stimulus character. 


т remained on for the preselected 


Process continued 
all characters h 
the offset of the 
four Postmasks remained on ur 


in clockwise 
ad been displayed. 
final character, the 
ntil S made his re- 
re duration for any 


multaneous 


В ee ned 
5 served in an initial practic 


Di 
asic procedure. 


а F essions 
crimental sessions, All session: 
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йиз exposure by pressing а microswitch 
i A о SE the exposure, 5 indicated whether 
d ies BY contained a T or an F by depressing one 
CRM pene s and then indicated the location of the 

Tu У depressing one of four additional panels. 
m us vee grouped in 16-trial blocks, successive 
E d ternating between simultaneous апа 
Was dis n sak ча ; a set of special marker stimuli 
n icr a for 500 msec. before each block to 
Nithin 8 2 presentation condition for that block. 
high тан à on block, half of the trials involved 
ШАБ is bility arrays and half involved low con- 
ae y апа For both types of array, Т and 
рет as target letters equally often and 
рака S each possible spatial location with equal 
target ee The level of confusability, choice of 
поп ш and location of target letter all varied 
See y W ithin a block, without prior warning to 
Süccessive e of the experimental design, two 
Vithin-S . ó-trial blocks represented a complete 
Were Der replication of the experiment. The 55 
Be mitted to work at their own pace and com- 
Within c тару 32-trial replications as they could 
and ee 2-hr. session; they were urged to stop 
The sirens often as necessary to avoid fatigue. 
rom a er of blocks completed per session varied 

approximately 10 to 18. 

with (ee ue practice session, Ss were familiarized 
trial-b р caperent procedure. They rec: ved 
replicas rial feedback on the first two trial 
informally feedback thereafter was only given 
Ааа ips yat the end of the experimental sessions. 
deter; onal practice session trials were then used to 
that nine a stimulus exposure duration for each 5 
Us yielded 80% accuracy in detecting the target 
The a in low confusability simultaneous arrays. 
Ba uration was determined by a modified up-and- 
Ere enod and was altered occasionally during 
leve je sessions in. order to maintain the 80% 
А Sepite changes in the degree of practice. 
ед рше duration changes, however, only 

the es between complete, successive replications 
ratio xperimental design. i Тће average exposure 
ation over all sessions is given for each S in Table 


du 
1, 


Aid fiet 32-trial replication of each experimental 

ata Served as a warm-up period and the resulting 

anal , Were not included in the summaries and 
yses reported below. 


Results 


Ss main features of the data are pre- 
the d Table 1a, 1b, and 1c, which give 
nd P tis both for individual Ss and for 
data ен The table includes the 
Conditia the simultaneous and sequential 
abl ns within each level of confus- 
аЬ, and also averaged over confus- 
ference) The lowest horizontal row (Dit- 
(edis Rives the difference between simul- 
ous and sequential conditions in each 
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case, a positive number indicating an 
advantage for the simultaneous condition. 
Table 1a gives the probability of correct 
letter detection. Table 1b gives the iden- 
tical table except that the entries are the 
probability of a correct location judgment, 
and Table 1с gives the identical table 
except that the entries are the probability 
of a jointly correct judgment of location 
and letter. 

The data are summarized by the lower- 
right-hand corner of each of Tables 1a, 1b, 
and 1c. This cell gives the overall differ- 
ence between simultaneous and sequential 
conditions. In each case the simultaneous 
condition is marginally superior to the 
sequential condition. А repeated-meas- 
ures analysis of variance (Lindquist, 1953) 
confirmed what is evident from this table. 
For Table 1a, both Ss and level of con- 
fusability were significant, F (5, 5) — 15255 
р < .005, and F (1, 5) = 48.5, р < .001, 
respectively. Type of presentation (se- 
quential or simultaneous) was far from 
significant, and none of the interactions 
were significant. This pattern was the 
same for Tables 1b and 1c. 

An examination of the finer details of 
the data (not shown in the tables) revealed 
that the upper two display locations ex- 
hibited a higher level of correct responding 
on all measures than the lower two display 
locations, but this did not interact with 
mode of presentation or level of confus- 
ability. Also, most Ss exhibited a marked 
response preference for either T or F, about 
half preferring each. Again, this effect did 
not interact with presentation mode or 
level of confusability. 

In summary, level of confusability had an 
appreciable effect: performance was poorer 
when the level of confusability was high; 
mode of presentation showed no effect 
whatever (although simultaneous displays 
were slightly numerically superior to se- 
quential displays). 


Discussion 

Quite obviously, this experiment showed no 
advantage for the sequential method of presen- 
tation of a display. This lack of advantage 
occurred despite the following facts. For 
simultaneous displays, all four letters had to 


^J 
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be processed during а single exposure duration, 
while in sequential displays each letter could 
be processed separately for this same exposure 
duration; thus the sequential procedure in- 
volved a total duration of presentation four 
times that of the simultaneous procedure. 
Furthermore, the sequential presentations 
were biased so as to give Ss maximum op- 
portunity to switch attention and process the 
letters one at a time: the letters always 
appeared in a fixed cyclic order known to S, 
and the sequential trials were blocked so that 
no element of surprise would be involved. It 
seems fair to conclude that Ss cannot switch 
attention or control their processing rates 
from different spatial locations, at least if 
attention must be switched at rates as fast as 
those used in this study (about 40 msec. per 
letter). Also the data indicate that the proces- 
sing of four letters simultaneously is as efficient 
as the processing of four letters presented one 
atatime. This appears to imply that process- 
ing of the letters is independent and without 
a capacity limitation, at least up to four letters. 
Note that the significant effect of levels of con- 
fusability was Predicted by the confusability 
models discussed in the introduction. 


“riksen and Spencer (1969). Even when 


Or *t is known, sequential presen- 
tation is not Superi Dicens vicini 
Present results amenable to 
While the ла than we have drawn? 

t er is undoubtedly yes, the alter- 
ations we h 


М ave been able to 
devise 3 à e iis 
UIS have been too complex to merit discus- 
sion here. We will 


return to the question of 


after presentation of the 
nts. 


alternative models 
remaining experime 


EXPERIMENT II 
Experime 1 
Eo am Il gned to test the 
ЧП prem. It could perhaps be 
argued that the premasks attracted 
tion to each corner of th 
it difficult to switch att 
У attention thereafte 
The next experiment teste tg conte 


Method 


Subjects.—Vive of the Ss from Exp, I served in 
Exp. П (one male and four females), They were 
paid $4.00 for each 2-hr. session, and cach took part 
in one 2-hr. session, 

Stimuli апа equipment. Experiment П 
identical to Exp. I except that no prem: 
before the stimulus characters. 


Was 
remasks appeared 
The top diagram 
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of Fig. 2 illustrates a typical stimulus exposure in 
the simultaneous condition, except that the premasks 
are not used: (a) The fixation point appeared con- 
tinuously at the center of the CRT. (6) Four 
hundred milliseconds after S’s start signal, the four 
stimulus characters were displayed for a preselected 
exposure duration. (c) Immediately after offset of 
the stimulus array, four postmasks were displayed 
continuously until S made his response. 

The third diagram of Fig. 2 (Exp. II) illustrates 
а typical stimulus exposure in the sequential condi- 
tion: (a) The fixation point appeared continuously 
at the center of the CRT. (b) Four hundred milli- 
seconds after S's start signal, the upper-left-hand 
stimulus character was displayed for the same ex- 
posure duration used in the simultaneous condition. 
(c) After this duration had elapsed, the character 
was replaced by a post-mask and simultaneously the 
upper-right-hand stimulus character was displayed. 
The second character remained on for the preselected 
duration. This process continued in clockwise 
direction until all characters were displayed. Each 
postmask remained on once displayed, and the full 


Set of four postmasks appeared until .5 made his 
responses. 


Procedure.—All procedura 
to those of Exp. I 


Results 


ul details were identical 


The central results of Exp. П are given 
in Tables 2a, 2b, and 2c. Only group 
averages are shown because just one session 
of data was collected for each 5, The 
same analysis of variance was carried out 

For Table 2a, level of con- 


as in Exp. I. 

fusability, Р (1, 4) = 9,2, p < .05, and 
mode of presentation, Р (1, 4) = 12.8, 
Р < .05, were significant but Ss and the 
interactions were nonsignificant. The same 
pattern was true for Tables 2b and 2c. A 


TABLE 2 


Level of confus- 
ability and cond, 


m E- position | both e 
Low " dee 
Simultaneous „12 49 61 520 
Sequential S | x0 | ic || 520 
ifferenc К 
High rence 04 .09 :07 
Simultaneous | 67 | 55 43 | 520 
Sequential -64 54 41 520 
Jifference -03 -01 .02 
Май 94 .05 .05 


Note.—Mean stimulus duration =47 msec. 


| 
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finer grained analysis of the data revealed 
results similar to those in Exp. l; since 
these did not interact with the main effects, 
they will not be discussed. 
Discussion 
possint was carried out to check 
tion А 1 v» that the premasks “drew” atten- 
S féntio а | display locations and prevented 
БАП ^i switching. The results showed a 
mire gu, ai advantage for simultan- 
In lights x when premasks were not used. 
Mist ths n these results, it seems improbable 
ok ole of Exp. I could have been due 
Since tention-fixating effect of the premasks. 
dicated Wes 2-hr. session for each 5 demon- 
Бер. nat the sequential displays were not 
this ES the experiment was terminated at 
бз rod A clue to the small advantage for 
dde neous displays was revealed in the 
Кен. of several Ss. They noted the 
in rel кз procedure to be somewhat confusing 
ла e to their prior experience (Exp. I) 
(aed ТЕ number of filled locations increased 
Segue пе beginning to the end of a display 
nce, 


EXPERIMENT ПІ 

7 In cach of the previous experiments, it 
ould be argued that presentation rates 
rhe sequential displays (approximately 
ig MES Вава бек) were too fast for atten- 
I Switching to take place. The natural 
К ОУ ер еы would slow the rate of 
m spin by placing a variable duration 
vm between the onset of the successive 
Bo Unfortunately, at slow speeds, this 
виа would allow 5 to make eye 
vements and track the cyclic display. 
П order to bypass the eye-movement 
Problem, we altered the procedure slightly 
9r the sequential condition. Instead of 
Presenting a sequence of four single letters, 
е two letters lying on one diagonal of the 
"quare display were presented first, and 
nion the two letters lying on the other 
liagonal were presented after a delay. 
Ince for each diagonal the natural fixation 
bs was still the dot at the center of the 
e аЙ we hoped that .55 would not be 
Ga еа то изе еуе movement. This pro- 
т» € still allowed comparison with simul- 
aneous displays, with the advantage that 
а long delay could be introduced between 

the presentation of the two diagonals. 


Method. 


Subjects.—AM Ss from Exp. П served in Exp. 11. 
In addition, three new Ss (two male and one female) 
who had no prior tachistoscopic experience served 
in the experiment. Data from one of these new Ss 
were later discarded after both his response pattern 
and his answers to postexperimental questioning re- 
vealed a tendency to deviate markedly from the 
fixation point. 

Stimuli and. equipment.—Simultaneous arrays in 
>. ILI were identical in format to those in Exp. I, 
indicated in the top diagram in Fi sequential 
arrays were different in format. The bottom dia- 
gram of Fig. 2 (Exp. 111) illustrates a typical 
stimulus exposure in the sequential condition. In 
the description that follows, the upper-left and lower- 
right corners of the array are to ether referred to as 
"Diagonal A," and the upper- ght and lower-left 
corners as "Diagonal B." (a) The fixation point 
appeared continuously until S’s start signal, at 
which time (b) four premasks were displayed; 400 
after the onset of the premasks, the two pre- 
sks in one diagonal, Diagonal А in the illustration, 
were replaced by stimulus characters, which then 
remained on for the same exposure duration used 
in the simultaneous condition. (c) After this dura- 
tion had elapsed, the two characters were replaced 
by postmasks and four m: remained on the screen 
for 500 msec. (d) After this 500-msec. period had 
elapsed, the ргета n the other diagonal (in this 
case, Diagonal B) were replaced by the remaining. 
two stimulus characters. Тһе second pair of 
characters remained on for the preselected duration, 
and (е) were then replaced by postmasks. The full 
set of four postmasks remained on until S made 
his responses. 

Procedures —A complete replication of the ex- 
sign involved 64 trials—four 16-trial 
blocks, successive blocks alternating between simul- 
taneous and sequential conditions. Marker stimuli 
appeared before each block to indicate the presenta- 
tion condition for that block. The two simul- 
taneous-condition bloc were identical to the 
simultaneous blocks in Exp. I. One of the sequential 
blocks involved arrays in which Diagonal А appeared 
first, and the other sequential block involved arrays 
in which Diagonal B appeared first. The marker 
stimuli appearing before the sequential blocks in- 
dicated the order of appearance of the diagonals. 

Within each of the four 16-trial blocks, half of 
the trials involved high confusability arrays and 
half involved low confusability arrays. For both 
types of array, T and F were used as target letters 
equally often and appeared at each possible spatial 
location with equal frequency. The level of con- 
fusability, choice of target letter, and location of 
target letter all varied randomly within а block. 
The Ss were permitted to work at their own pace 
and complete as many 64-trial replications às they 
could without fatigue during each 2-hr. session. — 

АП other procedural details were the same as 1n 


Exp. I. 


perimental d 


"У 
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TABLE 3 
RESULTS OF EXPERIMENT III 
X 
у 5 5 
Level of confusability 5i 5: S: 5 Ss Se Я 
and cond. 
a. Probability of correct letter detection 
; 7 .66 81 .800 
E 223 а) al 4 JE 
E nee :03 00 02 102 04 | —03 01 : 
БЕК 7 7 5 62 63 684 
fe аваць -69 -66 79 xm n 62 .67 103 
Sequential .66 .65 .86 .83 i 62 - 019 
BaD пеге лег :03 © | —07 | 04 00 00 | —ш | - шй 
Маш. .03 :01 —.02 —.01 .02 —.02 —02 D 
b. Probability of correct location judgment 
Low 881 
Simultaneous 91 .82 98 .92 90 73 96 8 E 
Sequential .88 .80 :93 .86 .95 -68 97 “029 
Difference :03 .02 .05 .06 —.05 05 = «ЧА 
High 
ает .52 45 .66 .63 40 .36 .50 b 
Sequential AS 45 -76 18 .33 AS 53 "46 
Difference 04 .00 — 10 —.10 .07 —.12 E403 = 009 
Маи, :04 .00 —.02 —.02 .01 —.04 —.02 = 
с. Joint probability of correct letter and location 
Low à 
Simultaneous 83 63 89 86 71 52 78 «187 
Sequentia] 47 .63 .86 80 7 -53 18 15 
um Difference .06 .00 03 .06 00 —.01 .00 :02 
Ig] j 
Simultaneous 49 .38 .62 58 33 39 43 КҮЗ 
Sequential 42 .39 74 68 30 .38 47 49 
Difference .07 UI жы!” =,00 03 —.09 —.04 —.047 
Таш. :06 -00 —.04 —.02 01 —.05 —.02 —.012 
Note.—Number of obs 


2,240 for 55, М. 


ervations are as follows: 1,412 for 51; 2,176 for Sa 
ean stimulus 
number of obse. 


ions i f durations in milliseconds аге 29 for 51; 36 for 5 
rvations is 1,829, and mean stimulus duration is 38,7 msec., for all Ss, 


+ 1,280 for 53: 2,560 for 54: 960 for Ss; 2,176 for Sn 
5 for S3; 45 for S4; 36 Гог Ss; and 40 Тор S; Mea 


Results 


Тће main results 
3b, 3c. This tabl 
spects to Table 
sequential conditi, 
diagonal procedure, 
which the two diagonals we 
no observable effect, the two orders have 
been lumped together in the “sequential” 
results in the table. The Same analysis of 
variance used for Exp. I and II revealed 
only level of confusability, 7 (1,6) = 44.2, 
and Ss, F (5, 5) = 77.6, both Ps < .001, 
to be significant. As the table indicates 
clearly, the simultaneous and sequential 
conditions did not differ noticeably (F < 1). 


аге given in Table 3a, 
© corresponds in all re- 
tar db and le. Тһе 


re presented had 


A fine-grained analysis of the data again 
revealed patterns like those found in Exp. 
I (superior performance on the two upper 
display locations, etc), but since these 
again did not interact with the main vari- 
ables, they will not be discussed.5 


Discussion 


I and II. 


Y different performance, In 
» Ss had full knowledge of the 
order of the diagonals and had in addition 4 


ЗА complete fine-grained breakdown of the data 


for all three experiments is available from the 
authors upon request. 
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BEL see between diagonals to “switch’ 
E. . | evertheless, performance was the 
can ет two or four letters must be 
rae Ах pee We must conclude 
бана 5 ernal attention switching occurs 
field. perceptual processing from the visual 
iue кашу alternatives to this conclu- 
Vantage Е three experiments the small ad- 
displays 9 simultaneous over sequential 
ability. w E less when the level of confus- 
hot а higher. While this interaction was 
EM ied ically significant in the experiments 
3 еу; the fact that it occurred in 
н bably demonstrates it to be a real 
could ex em One type of attention model 
that Ai ain this interaction by supposing 
Critical A is switched entirely to the 
plays) EA ay location (in simultaneous dis- 
m It У when the critical location is identi- 
required Is supposed that less information is 
vict to identify the critical location in 
hw GER pements than to identify the letter 
Ported Ъ ocation. (This supposition is sup- 
confusaby the data.) , When all locations are 

Sable, the location identification time 


Wou А cap 
Res ld be longer, attention switching would be 


Woul а, and the simultaneous displays 
Епа Show poorer performance. Unfor- 
„nately, this explanation predicts equality of 


51 
Eis. деси апа sequential displays only 
йы & usability is zero and, with confusing 
пераје predicts an advantage for the 
all ex xh procedure. Since the main effect in 
the Шеп showed no such advantage, 
Eros cons vitching explanation of the in- 
similar would appear specious. Although 
With оет models could be proposed 
рит wad countervailing processes just 
sequential out the predicted advantage of 
odels a _Misplaya, pursuit of such complex 
fea Seems fruitless in the absence of some 
К сы Шел. pointing toward perceptual 
in the de БИН. Note that the interaction 
hortet ata can be explained by the effects of 
Dedi er m memory factors : although the ex- 
e V was designed to minimize short-term 
Me e capacity and limitation problems, 
pasei ae may not have been entirely by- 
may T Д hus a small amount of forgetting 
B tu Ocelitred аша the course of the 
city ae мемы se and short-term capa- 
КАШ, have been strained in the high-con- 
fol. co Lge condition. These fac- 
and AH | iae been of minimal magnitude 
Ж ы have been responsible for the small 

ction observed. 

Although the results indicate that perceptual 


processing is not spatially limited, this conclu- 
sion must pertain to the range of one to four 
letters. Eriksen and Spencer (1969) obtained 
similar results with 10-letter arrays but 
generalization to arrays of this size is not quite 
possible due to the procedural difficulties in 
their experiments that were discussed earlier. 
It seems clear that capacity limitations will 
eventually appear as display size is increased 
due to the appearance of lateral masking and 
acuity factors. Furthermore, even in a detec- 
tion task the short-term memory system will 
eventually become taxed if a large enough 
number of letters is presented simultaneously ; 
that is, some of the processed information in 
short-term may be forgotten before a decision 
can be reached. On the other hand, some for- 
getting from both short- and long-term memory 
may occur when a large enough number of 
letters is presented sequentially. (Аз noted 
earlier, both these effects may have begun to 
evidence themselves even with the four letter 
displays of the present experiments.) These 
considerations have given us pause in planning 
experimental replications with larger displays. 
Note, however, that an expectation that short- 
term memory factors will appear with use of 
larger displays in no way detracts from the 
present theoretical conclusions. We have no 
present reason to believe in spatial capacity 
limitations for displays of any size (subject to 
lateral masking and acuity factors.) 

None of the provisos in the above paragraph 
regarding capacity limitation, weak as they 
are, apply to the conclusions concerning atten- 
tional control. If S does not have the cap- 
ability of switching attention among four 
letters presented sequentially (or conversely, 
splitting attention among four letters pre- 
sented simultaneously), there is no reason 
whatever to expect such a capability to develop 
for larger displays. The conclusion that 
attentional control does not operate in visual- 
perceptual processing has some far-reaching 
consequences. For example, Neisser (1967) 
postulated "'preattentive" mechanisms pri- 
marily because a process was needed to direct 
perceptual attention (“focal attention" in 
Neisser's terms). If perceptual attention is not 
operative then preattentive mechanisms ap- 
pear to be unnecessary. 

Our conclusions regarding capacity limita- 
tions and attentional control strictly apply to 
a level of processing complexity no higher 
than that of letter detection. Nevertheless, we 
feel that the entire processing system prior to 
short-term memory has these characteristics. 
It would be difficult to imagine a system, for 
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example, in which attention could be switched 
SO as to process information more efficiently 
for whole report, without the same shift in 
attention giving rise to enhanced detection 
performance. In other words, it is very un- 
likely that perceptual attentional control could 
evidence itself in whole-report Е procedures, 
given that it did not evidence. itself in the 
present experiments. Of course, in higher level 
tasks like whole report "limitations of ca- 
pacity” and “attentional control" might well 
appear due to the contamination of those tasks 
by short-term memory factors. 

The model of visual processing we are led 
to by our results is rather different from the 
Rumelhart (1970) conception and the early 

` models of the Estes group (Estes & Taylor, 
1964, 1966). This model is similar to that 
proposed by Gardner (1972): information 
enters the visual field and is perceptually 
processed “without limitation" and without 
attentional control up to and including at 
least the level of letter recognition. The 
various features abstracted are entered at once 
into short-term memory where they are scan- 
ned and decisions are made. The limitations 
of visual processing, in this view, are primarily 
postperceptual (with the exception of lateral 
masking type phenomena). Such results as 
the display size effect are handled in this frame- 
work in terms of short-term memory limita- 
tions or in terms of problems inherent in the 
decision structure of the task. In conclusion, 
then, taking into account the present results, 
those of Eriksen and Spencer (1969) and those 
of Gardner, we feel that a strong case has been 
initial visual processing 


established for an 
apacity limitations other than 


system with no c. 
those related to lateral masking and no atten- 
the part of 5. 


tional control on 
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STIMULUS CODABILITY AND LONG-TERM RECOGNITION 
MEMORY FOR VISUAL FORM ! 


TERRY C. DANIEL? AND HENRY C. ELLIS 


University of New Mexico 


An experiment was conducted investigating the 
and scaled stimulus codability on the te 
Either immed 


complex random shapes. 


mporal course of recog 
liately or after delays of 15 min. or 1 


role of distinctive verbal labels 
ion memory for 


wk., Ss were given a five-stimulus, forced-choice, shape-recognition test and 


à free recall test for reter 
codability, longer stimulus exposure, 
superior recognition. performance. 

Over the delay 
decrement. More important, 


to maximize label use by - 
encoding or acquisition phase 


E ue bem found that learning to asso- 
enhances zi labels with shape stimuli 
for the sh u sequent recognition memory 
illis, 1968) у (e.g., Ellis & Muller, 1964; 
inding Hio Attempts to account for this 
Categories. У generally be grouped into two 
the label 4 oue focusing upon the role of 
at the sme, ji mediator of shape recognition 
ive, 1970) ; the memory test (ел, Price & 
effects of pns the other emphasizing the 
чйр је label on what is encoded 
feg., Ellis t e of the shape stimuli 
las been к 8; Ellis & Daniel, 1971). dt 
that à E i ae by Price and Slive (1970) 
time of sha © association, recalled at the 
aid 5 in peines e e testing, serves to 
Shape, Ie те retrieval of the associated 
Daniel 2: ABHtrast, Ellis and Ellis and 
effect of е evidence indicating that the 
o stimulus val labels is better attributed 
occurring à selection/encoding processes 
tional or е training than to media- 
the time fet processes operative at 
that и testing. They assume 
attention + ntative verbal labels direct S's 
oward distinctive features of the 


* This rego; 

author па ae was an MA thesis of the senior 
Chis гено) the direction of the junior author. 

"oundatio, с ~ У Supported by National Science 

ests H ~ 

nie, c in reprints should be sent to Terry C. 

зао, Uu. now at the Department of Psy- 
721. ersity of Arizona, Tucson, Arizona 


ation of associated verbal labels. 
and verbal label training all resulted in 
Shape recognition was generally stable 
employed, while label 
the course of 
label recall was found to be essentially independent. 


the effect of verbal labels on memory for form, 
is best attributed to processes occurring during the 


of the memory task. 
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High stimulus 


recall showed a significant retention 
shape-recognition memory and 
It was concluded that 
even under conditions designed 


stimuli during shape-label associative train- 
ing, thus enhancing S's encoding of the 
stimuli. 

Although Ellis and Daniel (1971) showed 
conclusively that the availability of learne 
verbal labels is not a necessary requisite 
for shape recognition, there may still be 
circumstances in which Ss do use verbal 
labels to mediate memory for shape stimuli 
at the time of recognition testing. А num- 
ber of variables are known, for example, to 
affect the extent to which Ss make use 0 
E-assigned verbal labels in retention of 
shape stimuli (e.g., Clark, 1965; Ellis X 
Homan, 1968). In general, the effects of 
explicit verbal label training on shape 
recognition memory would seem to depend 
upon the a priori codability of the shapes- 
Presumably, as the difficulty of encoding à 
shape increases, Ss would tend to rely 
more extensively on assigned verbal labels. 
If, as proposed by Price and Slive (1970), 
Ss use the verbal label to mediate shape 
recognition, then, conditions which maxi- 
mize Ss reliance upon the label shoul 
optimize any dependence between shape 
recognition and label availability at the 
time of the memory test. 

The object of the present experiment was 
the interaction of stimulus- 
and verbal label training 
ry for random 
iables, scaled- 


to investigate 
encoding difficulty 
on delayed recognition meno 
shapes. Two experimental var 
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TABLE 1 
RELEVANT VERBAL LABELS 4 
Соравилту SCALE VALUES 
FOR STIMULI 
High codability Low codability 
Vand- 
erplas 
cu Label Label 
Shape 
No. 
3 |Swan 6.5 23 Bird 
2 |Anteater| 7.6 27 |Dog 
1 |Fountain| 12.7 18 |Flag 
7 |Duck 12.9 17 |Dancers 
26 |Woman | 14.3 19 |Rabbit 
5 |Кађђи 14.8 11 | Mountain 
30 |Boat 14.9 29 |Boat 
12 | Bird 15.1 24 | Man 
Group X 12.35 Group X 


stimulus codability 
lus exposure, were 
varying the difficulty with which Ss could 


Shapes were either 


emory testing. 

bined effects of 
l y and shortened exposure 
duration lead S to rely more extensively 
upon E-assigned labels, the degree to which 
shape Tecognition depends upon label 
availability (recall) Should be increased, 
Moreover, to the extent that either labels 
or shapes are forgotten over the retention 
intervals, there should be a close relation- 


ship betwe apes and labels 


oe if the effect of 
verbal labels is On the initial 


encoding of the Shape stimuli i ; 
Ellis & Daniel, 1971), thes Md а 

ncoding Should result 
е in training for Ss 
labels. 
in su- 
performance for 
Introduction of longer 
while conceivably af. 
vel of recognition per- 


In addi- 
reduced 


retention intervals, 
fecting the overall le 


^ 
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formance, would not be expected to alter 
the relative position of label- and nonlabel- 
trained .Ss. Furthermore, whatever the 
retention interval, the availability of verbal 
labels at the time of testing would not 
necessarily be associated with superior 
recognition performance. 


METHOD 


) А T У variables 
Design and subjects —Three between-S variables; 


ie delay interval, pretraining type, and simi 
codability, were combined with one within-S Mos 
able, stimulus exposure time, intoa 3 X 2 X 2 X R 
factorial design. The Ss were given ol Sera 
(O) or relevant verbal label (RL) pretraining w d 
high or low codability stimuli and were then D 
for recognition of the stimuli either immediate X 
15 min., or 1 wk. after training. All of the 58 “А 
one-half of the training stimuli for .5 sec. and "S 
other half for 6.0 sec. Теп university student is 
were randomly assigned to each of the 12 eped 
mental groups. A total of 120 Ss were paid $1. E 
or received credit toward а course requirement fo 
their participation. 

Stimuli and apparatus.—Stimuli were 16 Vandag 
plas and Garvin (1959), 24-point random shape 
scaled for codability (С). Stimuli were scaled E 
presenting each of the 30 Vanderplas and Сар 
24-point shapes to individual Ss (N = 38) wit! 
instructions to provide a “name or verbal associi 
tion” for the shape as vidly as possible. Meni 
latency of the first as: ciative response is the eer, 
value for cach shape, short latencies indicating hig 
codable shapes, 23 

The eight shapes scaled highest in C were dex 
ignated high-C shapes and the remaining eight, whic 
Were scaled lowest in C, were designated lo 
shapes, Relevant (modal) verbal labels Уе 
Selected for each of the stimuli on the basis of pre 
vious caling data (Ellis & Muller, 1964). Shapes 
labels, and C-scale values (associative latencies) © 
the stimuli employed arc presented in Table 1. 

АП stimulus materials were photographed us 
mounted on 35-mm, des. The slides were Pt 
jected onto а Screen by two Kodak "Саго оя 
(700) slide projectors, Exposure times and inte! 


TH 1 8 ed 
stimulus intervals Were programmed on magn 
tape. 


and 


А г 
, Pretraining Procedure.—Stimuli, eight high- * 
eight low-C Shapes, were presented one at a t uli 
in four different random orders, Four of the аш 
Were exposed [ог ‚5 sec. on each presentation T 
four were exposed for 6.0 sec, The order 9 di- 
Dosure durations, Which was constant for all co" 


у strictio” 
tions, was randomly determined with the restric”) р 
that half of the 


jgh 

exposures in each block of end 
The stimulus presentation order, yee! 
duration, was randomized bet x- 
striction that each stimulus маз а^ 


. е 
А Same duration on all four pre 
tions to each 5. 


M 
\ 
| 


. Sented 
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Es Beo pond Gon, shapes were projected alone 
and M rn and Ss were instructed to observe 
Verbal рег the eight shapes. For RL Ss, the 
ilistrücted te as shown beside each shape and S was 
ав to “help | associate the word with the shape so 
E and ү | him remember the shape. For both 
5 -sec. stimuli, the printed label was рге- 

after he en the screen for 1.0 sec. immediately 
Shape-label exposure. Observation Ss 


Were prese f 
d Sented with a blank slide during this 1.0-sec. 


ely, i n т Е 
У, 15 min. or 1 wk. after training. The recogni- 
* Was described in detail to all Ss prior to 
; al training. 

{ез ;. 
Mion interval, —ÀAn equal number of Ss were 


ested at ez 
Ss иы еасһ of the three retention intervals. For 


"chearsal 


eli s ànd at the same time would not appear to 


Teatm, to interact with any of the experimental 

of ents, The 1-wk. delay Ss listened to 7.5 min. 

t Bu Fecording immediately after training and to 
his aa 7.5 min. immediately before being tested. 

text 

ate 

Wi before testing for the delayed Ss. 
h 


базы 


quent 


Were те retention intervals. е 
thus ested after 15 min. and again after 1 wk., 
the en oviding a complete within-S replication of 

ie Periment. ‘The 15-min.-delay Ss were retested 
the er Wk. The data for any 5 failing to complete 
lay tire test sequence, up to and including the 
analys ау test, was dropped from the experimental 


Shape recognition lask.— The retention test em- 
-stimulus, forced-choice, recogni- 
B Alternative. shapes were constructed 
ging to a procedure described by Ellis and 
т (1964). Each of the 24 points of a prototype 


“аре Р р 
(pretrained stimulus) was moved 3 in. 


ассо 


з 
ое СЕ 17 E were dropped from the main 
20 Complete is failure to return to the laboratory 
Cross Salle ug required test sequence. The range 
ase of ju Mos from two cases of no Ss lost to one 
S were exa 1996. W here Scores for the earlier 
as matched лате, cach S (N = 12) not returning 
from ed with a returning 5 selected at random 


the Р 2 
Апсе on same cell. А comparison of the perform- 


Signifie 


test 


completed tests for these Ss revealed по 
ant differences, # (11) « 1.0. 


MEMORY FOR FORM 


HIGH STIMULUS 


LOW STIMULUS 


CODABILITY CODABILITY 
4 mae ли 60 = 
oor +—+ о | атане 
gz 3 о-о ж: | QS SEC. 
EE о-о 0 | EXPOSURE 
БЕ 2 
8 
БЕ ' 
ш 
ЕЕ 
о! — 
Oo ет Ta 0 та тч 
об MINUTES DELAY LOG [о MINUTES DELAY 
Fic. 1. Mean shape recognition for observation 


and relevant labeling conditions with .5-sec. and 
6.0-sec. stimulus exposure as a function of post- 
predifferentiation delay. 


(1.27 mm.) up, down, left, or right at random. The 
resulting points were then connected to yield a 
variation shape. One prototype and four }-in. 
random variations of that prototype were projected 
side by side on the screen in front of S. All Ss were 
instructed that each set of stimuli contained a 
prototype. The shapes in each set were numbered 
from left to right, and S responded by saying aloud 
the number below the shape that he thought he 
had seen before. Sets were exposed for 4.0 sec. 
with a 2.0-sec. interset interval, and the order of 
presentation was randomized for each S. The Ss 
were instructed to respond to each set before the 
next set was exposed. Two blank exposures pre- 
ceded the first test set in order to pace S on the task. 

Label recall——Immediately following the shape- 
recognition task, all RL Ss were required to write 
down as many of the pretraining labels as they 
could recall. 


RESULTS 


Recognition performance.—Shape-recogni- 
tion data from the independent groups 
experiment are presented in the two panels 
of Fig. 1. Mean correct recognitions are 
plotted against the amount of postpredif- 
ferentiation delay for high- and low-C 
stimuli. Separate retention curves are 
plotted for RL and O pretrained groups in 
which stimuli were exposed for either .5 
sec. or 6.0 sec., respectively. 

Although there appears to be some indi- 
cation of a trend in one or two of the curves 
presented, overall there is no evidence of 
any systematic effect of postpredifferentia- 
tion delay on the course of recognition 
memory for random shapes. The average 
of the recognition performance over all 
high-C stimuli immediately after training 
is 53% (2.1 correct) and only drops to 
about 47% (1.9 correct) after a full week 
of intervening time. Immediate and 1-wk. 
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ш——Ш £L) 60 SEC. panel, was generally superior to that for 
e—* O 3 EXPOSURE stimuli of low C. Both the between 
i: Dr -O AL | 05 SEC. analysis and the within-S analysis ws 
H o -© 0 | EXPOSURE this observation, codability main e 
Ё 2 being significant in both cases, F (1, 108) 
Е 2 = 25.87 and F (1, 36) = 20.83, ps < 0l, 
8 = respectively. In neither analysis were 
© interaction effects involving codability 

5 8 found to be significant at the .05 level. 1 
= = In Fig. 2, data are plotted for the im- 
LOW HIGH mediate recognition test alone in order (0 
present the effects of stimulus codability 
STIMULUS — GODABILITY and distinctive verbal label training as 
Fig. 2. Mean correct recognitions on the im- The 


mediate (zero-delay) test as a function of stimulus 
codability, pretraining type, and stimulus exposure 
duration. 


delay averages with low-C shapes, 34% 
(1.4 correct) and 32% (1.3 correct), again 
indicate that there is no decline in recogni- 
tion accuracy over the delay intervals em- 
ployed in the present experiment. This 
observation is supported by the results of 
the overall analysis of variance in which 
the main effect of postpredifferentiation 
delay did not approach significance, F 
(2, 108) < 1.0. 
Тће analysis did, however, indicate 
significant interaction of delay with the 
duration of stimulus exposure, P(2, 108) 
= 8.60, p < .01. Inspection of Fig. 1, 
however, reveals that a slight tendency for 
recognition performance to improve for 
stimuli exposed for .5 sec. in pretraining 
contributes as much to this effect as does 
the slight decrement observed [ог the 
stimuli exposed for 6.0 sec. Overall per- 
formance for .5-sec. stimuli rose from 28% 
immediately after training to 36% at 1 wk. 
of delay, while 6.0.sec. exposed stimuli 
showed a decline from 59% to 4395 over 
the same interval. An analysis of the 
within-S replication data (immediate test 
group) supports the nonsignificance finding 
with respect to the main effect of delay, 
& (2, 72) = 1.32, px 05, but does not 
indicate a Delay X Stimulus Exposure 
interaction, F (2, 72) = 2.72, 2 > .05. 
Further comparison of the two panels in 
Fig. 1 reveals that recognition of stimuli 


scaled high on the codability measure, left 


a 


compared to observation practice. А 
general superiority of recognition accuracy 
for stimuli of high C is quite evident n 
Fig. 2, as is the lack of interaction effect 
with the other variables represented. 
The influence of RL training is als? 
evident in Fig. 2. Label-trained Ss -— 
superior recognition performance for bot! 
high- and low-C stimuli with either of the 
two stimulus exposure durations. pig 
overall analysis of the between-S expel 
ment, including the delay variable, E 
firmed this observation yielding a signifi 
cant main effect of pretraining РА 
F (1, 108) = 4.36, р < .05. There we! 
no significant interactions involving tyP* 
of pretraining in this analysis. 4 
The pretraining main effect failed | | 
reach significance in the within-S replica” 
tion, F (1, 36) = 1.12, p > .05. This o 
consistency seems to be the result of [ 
tendency for these RL Ss to show a sigh 
retention decrement between the immediat? 
and 1-wk. tests, dropping from 50% corre 
to 43% correct. This effect apparent? 
combined with a slight tendency for ©” 
trained Ss to show an improvement in рег 
formance over the same intervals, gol? 
Írom 37%, correct immediately after trai 
ing to 42% correct after 1 wk. of delay: 
The result was а significant Pretrain 
X Delay interaction, F (2, 72) = 5-5 
P= 05, Fr 
Stimulus exposure effects are evident К 
both analyses, 6.0-вес, exposures leading е 
consistently Superior performance on aby 
recognition task. This effect was МЕ 
reliable, F (1, 108) = 66.21 for the in 
tween-S analyses and, F (1,36) — 38.89 
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йг analysis, ps < .01. The only 
witl ac an involving exposure was that 
1 delay, discussed above. 
E p Mean number of labels cor- 
all RL E ed are presented in Table 2 for 
A groups in the between-S experiment. 
«pst trend toward a decrement in 
means a [шан may be seen in the 
With th the delayed groups as compared 
trend E immediate test groups. This 
analysis. ovan significant in the overall 
lay. р Ej variance for the main effect of 
hair Pa 54) = 3.80, p < .05. No other 
Significance: or interactions approached 
Should hee in the label-recall analysis. It 
evel of i noted that at no point did the 
eni vel recall fall below that of shape 
condit; ion for any of the experimental 
ons, 
Rite tie overall level of label recall and 
аре ji ноп provides an index of 
Sure э n association, a more direct mea- 
tween uld involve the relationship be- 
Pairs, а eed for specific shape-label 
ХУНИ n S-by-S analysis of the correlation 
and үле recognition of a shape stimulus 
Paired 2. subsequent recall of the label 
пува 101 that stimulus for all RL Ss 
Orrelat: very low, nonsignificant, positive 
lit, ; 1005 for both high and low codabi- 
лә „9775, phi coefficients being .09 and 
| 'éSpectively, 
а chi 4 оп to the correlation analysis, 
сеш test of independence between 
аррге ion of a shape and recall of its 
l'his it ue label was also. performed. 
te. ysis revealed that while there was 
й ence for а dependence relation in 
ase of high-C shapes, X* (1) = 2.06, 
Bia 05 there was some tendency for 
r S and shape recognition to be 
the к in the low-C condition, though again 
xe „Statistic failed to reach significance, 
= $T, p > .05. 
х те chi-square tests Гог each Delay 
again ре X Codability combination 
Prudens d to support a shape-label de- 
Xposure lypothesis. _ Only the .5-sec. 
delay e of low codability shapes at zero 
(1) x Produced a significant relation, X? 
i EN 7.04, p < .01. Even in this case, 
Nature of the relationship was not in 


Бер 


ТАВГЕ 2 


MEAN NUMBER or LABELS RECALLED FOR Dis- 
TINCTIVE VERBAL LABEL GROUPS 


Delay interval 
Zero 15 min. Тук. 
Codability 
Stimulus Stimulus Stimulus 
exposure exposure exposure 
5 6.0 5 6.0 5 6.0 
High 
X 30 |32 |24 |3.5 |27 |22 
S :82 | 1.03 | 1.08 | .22 | .30 | 1.23 
Low 
x 2.8 2.9 3.0 3.0 24 2.6 
5 1.03 57 | 1:05 .66 | 1.58 .84 


the appropriate direction. There appeared 
to be a disproportionate number of cases 
in the label recalled, shape-not-recognized 
cell. This was chiefly due to the fact that 
many more labels were recalled than shapes 
recognized in this condition. 

Supplementary analyses.—An analysis of 
the intra-S consistency in shape recognition 
was conducted for the Ss in the within-S 
replication. These Ss were tested once at 
each of the three delay intervals as de- 
scribed earlier in the method section. A 
conditional probability measure, the proba- 
bility of S's correctly recognizing a shape on 
both the 15-min. and the 1-wk. test given 
that he had recognized that shape correctly 
on the immediate test, revealed a high 
degree of consistency in shape recognition 
performance. Conditional probability was 
.66. 'The probability expected by chance 
in this case is .04. 


DISCUSSION 


One important feature of the results of this 
experiment was the lack of any overall effects 
of postpredifferentiation delay on recognition 
memory for random shapes. Finer analysis 
of correct recognitions for each stimulus by 
individual Ss who were tested after cach of the 
delay intervals also revealed a high degree of 
consistency in performance from test to test. 
These findings generally confirm those reported 
earlier (Clark, 1965; Ellis & Daniel, 1971) 
by showing the stability of recognition memory 
for random shapes over time. 
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In the present experiment, high stimulus 
codability, distinctive verbal label pretraining, 
and increased stimulus exposure independently 
produced superior levels of recognition per- 
formance. The stability of recognition mem- 
ory over the delay intervals studied suggests 
that the effects of these variables probably 
should not be considered to have affected 
memory for the forms but rather to have 
affected the level of original learning or 
acquisition. 

These results are с 
account of the verb 
Ellis (1968). 


]uite consistent with an 


al label effect offered by 
Ellis ascribed two 


principal 
functions to the distinctive verbal label in the 
shape predifferentiation situation. The first 


Was a confirmation function, the label serving to 
inform S when he has minimally discriminated 
among the training forms. In addition, the 
label, when relevant, also may serve to direct 
S's attention to specific characteristics of the 
stimulus, thus enabling increased learning of 
the distinctive features of the form. 

The fact that associating relevant verbal 
labels with the form stimuli enhanced recogni- 


tion performance would tend 
(1968) account. 


Seem consistent Pre- 
sumably, allow 
character- 
ects would 
erbal label effects, 


exposure would 
earning distinctive 
ms. Codability effi 
t into this account of y 
To the extent that high.C forms allow for 
more rapid association of the label (confirma- 
tion function), more time would be available 
for learning about additional distinctive char- 
acteristics of the shape (directing function), 
„Ол the surface, the fact that label training 
did not Produce differential effects asa function 


of either co ability 


А с „У OF exposure would seem 
somewhat inconsistent with the Ellis (1968) 
formulation, In the 


Present e 
ed that 
imuli w 


Xperiment, it 
as the difficulty 
as increased the 
l label Would be more 
hypothesis Was not sup- 


A possible explanation 


was initially hypothesiz 
of encoding the form st 
influence of the verba 
pronounced. This 

ported by the data. 
of this finding is su 
the differential effects 


association value (AV 
Ellis reported that the 
depended upon the 
relevance being 
low-AV forms. 
have been due 


Shape 
effects of label г, 
AV level of the forms, 
relatively unimportant for 
Ellis suggested that this may 
to the fact that the relevant 


stimuli, 
elevance 
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labels were less representative (i.e., would ү 
given as associates less often) of the ~ 
Shapes than were the labels assigned to the 
high-AV forms. As a result, the direc 
function of the relevant label was greatly 
reduced when low-AV forms were used. 

The similarity of the codability measure 
used in the present experiment to the AV mea- 
sure used in the Ellis (1968) experiment M 
suggest a parallel analysis of the effects E 
label training and form codability. First, ! 
was observed that RL training did result 1n 
Senerally superior recognition performance 
relative to O training in the low-C conditions: 
The difference between O and RL groups E. 
low C was, however, no greater than tha 
found to obtain under conditions of high 
Indeed, if any difference existed at all it ара 
peared to have favored the high-C gronna 
This result would follow if it is assumed E. 
the relevant labels for low-C forms were no 
sufficiently representative of those forms 10 
enable full implementation of the directing 
function of the label. м 

In general, the effects of form содађи у, 
exposure duration, and verbal label training 
coupled with the observed stability of recogni 
tion performance over the delay intervals епи 
ployed would tend to support accounts wid 
emphasize the role of the verbal label in th! 
initial learning or encoding of the form stimu 
It might be argued that these variables ад 
fected the amount or the nature of the informa 
tion encoded during training, but, that inf 
mation, once encoded, was equally availab! 
to.S throughout the delay intervals. А 

Тће observed lack of association between 
label recall and shape-recognition performanti 
would further suggest that availability of 
verbal code at the time of testing is neithe 


Ja itio? 
necessary nor sufficient for correct recogni 
of the shape stimulus. 3 


м In this respect, th 
findings 


ever effect а ver] 


for form would seem to occur during the enc? n 
Ing phase of the memory task rather t 
upon the subsequent retrieval of the encod 


information, 
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BACKGROUND, SYMBOLIC, AND CLASS SHIFT IN 
SHORT-TERM VERBAL MEMORY ! 
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Ohio State Unicersity 


The Ss were given four trials using the 


in short-term memory 


in retention on the shift trial. 
than a symbolic shift, which 
The data indicate that shifting 
in producing 


processes rather than an increase 
to novelty. 


Melton (1963) has described a memory 
trace as undergoing three stages of trans- 
formation: (a) It is formed at the time of 
initial presentation; (b) it is stored accord- 
ing to how it was encoded by S as either 
the same or different from preceding 
information; (c) it is used or recalled, the 
utilization or recall depending on how it 
was stored. Recent experiments in short- 
term memory (STM) using the Peterson 
and Peterson (1959) design and incorpo- 
rating a shift trial (shifting from one class 
of material to another) indicate that if the 
trace has been encoded as being of a similar 
class to preceding material, there will be 
interference at time of recall. If the trace 
Bee yo коды d Bring of a different 
Pill be nor ih | ари material, there 

ТЫК cor sn d E^ е 
» referred to as 
release from Proactive interference (PI) 


eI SL А 
ip reviewed extensively by Wic 


The class shifts in th 
one experiment to ап 
type of cl 


kens 


ese studies vary from 
almost any 


lead to an 
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technique with shifts in class oi 
item, and symbolic presentation of the item on T. 


shift, except the background shift with words, there was 


90 


"release from proactive inhibition" 
f item, background of 
14. For every type of 
а significant increase 


A class shift led to greater increase in retention 
, in turn, 


greater than a background shift. 


à physical parameter of the stimulus is effective 
a release from proactive interference in short- 
that increased retention on the shift trial c 


term memory and 
an be explained in terms of memory 


in perception or an increase in learning due 


of recall on the shift trial matches the level 
of recall on the initial trial, while some of 
the increases in retention on the criterion 
trial reach only a proportion of the level 
of recall on the initial trial. The differences 
in the magnitude of the effect on the shift 
trial between different types of materials 
raises the possibility that something in 
addition to a release from PI is operating 
When performance in experimental groups 
is found to increase following a shift in 
material on the criterion item. Increased 
performance on the criterion trial may not 
all be due to the operation of memory 
Processes during retention and recall. Jf 
the information on a shift trial is differently 
encoded from the preceding information, 
it is more likely to be retained as a function 
of its uniqueness, It is also possible that 
the uniqueness or novelty of the shift 
trial causes the memory trace for that 
information to become distinctive an 
form а new class even if the information 
Presented belongs to the same formal class: 
The Purpose of the present study is 10 
determine whether or not improvement in 
retention can be obtained on a shift trial 
„tha је class of items presented. 
d series of related experiments has been 
Ub tale ur аг (a) the effect of а. 
фи s е 'ackground on which t 
embered material is presented, 
0) the effect of shifting the symbolic 
Presentation of the material without a shift 


SYMBOLIC AND CLASS SHIFTS IN STM PI RELEASE 


P Ens and (c) the relative strengths 
the ct shifts in comparison to a shift in 

class of the to-be-remembered material. 
E eene increases on the shift trial 
the ATEM ig in the physical parameters of 
Ns E - and if these performance in- 
" Ар о е ѕате magnitude as those 
Gf the E shifts, some modification 
Eon xplanations of the PI release 

enon may be necessary. 


METHOD 


re constructed 
and recalled 


Zach word appeared 
Both number 
У grams were rotated across trials so that 
іча SEN ш appeared in each of four positions an 
Н nber of times. Both the number and word 
* ас two forms: (a) white numerals or 
le o a black bac ground and (b) black 
esi: etters on a white background. А 
Sign cons then of 12 major experimental 
ass, wo NOH background, symbolic presentation, 
9n the fou яа combination of class and background 
had no si En trial, and 6 major control groups that 
A агы tin material over four trials. 
leadened us—The Ss were seated in а sound- 
Kodak C. room throughout the experiment. A 
Sin qe onse Projector was programmed by a 
Word ог s tape timer to present to Ss slides of the 
Separated number trigrams and the cues which 
Projected and paced the events. All slides were 
Mately 4 EUN screen suspended from a wall approxi- 
Раве En front of the 58. 
Standard tre.—The procedure was that of the 
Peterson rege preventive type Peterson and 
in the ch: 1959) experiment. After S x seated 
Scribed fied he was read instructions which de- 
asterisk ntire procedure. When the trial began, 
ready si № Appeared nn the spreen for 1.5 sec. as a 
au mber Eo Chis was followed by а word 0 
Which cae which also appeared for 1.5 sec. 
еһе Next in succession was 


The 
Eroups th 


> spoke aloud. 
x Preventive task slide, consisting of 
S obtained from Underwood (1966, p. 
the УНЕ instructed to name off the colors 

Words were printed as rapidly and as 


Б а 
гоор ; 

За дур í iten 

in Which he 


100 


80 


60| 


40 


PERCENT CORRECT 


20 


x x SpNu 
o— — —o Ar Nu 
eo— Words 


TRIALS 


Percentage of correct responses for 


x 1, 
background shift groups. 


experimental 


accurately as possible; this slide remained on the 
screen for 19.5 sec. A slide containing a question 
mark then appeared on the screen for 5.5 sec. аза 
signal to recall the previously presented trigram. 
The next trial was again indicated by the appearance 
of an asterisk. Projector change time was .5 sec. 
Thus, a single trial consisted of a 2-sec. ready 
period, a 2-sec. presentation of a trigram, а 20-sec. 
retention interval, and 6 sec. for recall of the 
trigram, for a total of 30 sec. 

A recall was counted as correct if it was given 
during the appropriate interval. The Ss were 
given one point for each item of the trigram recalled, 
regardless of the order in which they were given. 
The number of correct words in colors named by Ss 
during the retention interval were also recorded. 
After completion of the experiments, Ss were aske 
if they noticed any difference or differences between 
Trials 3 and 4. 


RESULTS 


A test for the significance of the difference 
between two means for correlated samples 
showed that Trial 1 differed significantly 
from Trial 3 in all control groups as wel 
aa iv all experimental groups (р < .001 
for all cases), thereby replicating the 
previous findings of a severe decrement in 
recall over early trials in the typical N 
paradigm. 


Inspection of Fig. 1 suggests that shifting 
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0- —0 SYMBOLIC SHIFT 
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У ' 2 3 4 
TRIALS 
Fic. 2. Percentage of correct responses for 


combined class shift groups, combined symbolic 


shift groups, and combined background shift 
groups. 


from a white background on the first three 
trials to a black background on the fourth 
trial, or the reverse, when the to-be- 
remembered items are W's had no effect on 
retention of items following the shift. 
Figure l also indicates that there is an 
increment in retention on the shift trial 
for the experimental groups with a back- 
ground shift from white to black, or the 
reverse, when the to-be-remembered items 
are ArNu’s or SpNu’s. 

eparate analyses of variance for the 
individual groups showed that the change 
in performance between Trials 3 and 4 for 
the experimental group recalling words was 
not significantly different, F (1, 188) = 53 
p > .20, from the change in performance 
between Trials 3 and 4 f. 


or the appropriate 
control. 

Similar comparisons Showed that the 
changes in performance between Trials 3 
and 4 for the experimental and control 
groups recalling ArNu's was significantly 
different, F (1, 188) = 9.87, p< 005, as 
was the change in performance for the 
groups recalling SpNu’s, F (1, 188) = 5.16, 
p < .05. These results indicate a signifi- 


cant improvement on the fourth trial for the 
ArNu and SpNu experimental groups 
shifted from a white to a black background, 
or the reverse, on the fourth trial. 

With a shift in the representational form 
of the stimulus from ArNu’s to SpNu's or 
the reverse, performance on the fourth 
trial in both experimental groups is higher 
than for their appropriate controls. In 
both cases, the change in performance from 
Trial 3 to 4 between the experimental and 
control groups was significant beyond the 
-05 level. А 

Class shifts from words to either ArNu's 
or SpNu's and combination class and back- 
ground shifts, where the experimental 
groups are shifted from words on a white 
background to either ArNu's or SpNu's 
9n a black background all showed large 
increments in retention on the fourth trial. 
In all cases, the change in performance from 
Trial 3 to 4 between the experimental and 
control groups was significant beyond the 
.001 level. The form of these curves 1$ 
very similar to that of the combined class 
shift groups in Fig. 2. | 

Тће overall change in retention on shift 
trials was obtained for each group using 
the method outlined in Wickens (1970). 
Preliminary tests indicated that the experi- 
mental groups switched from ArNu's to 
SpNu's or the reverse; SpNu's on a white 
background to SpNu's on a black back- 
ground or the reverse; and W's to SpNu's 
or ArNu's were not significantly different, 
P > .20 in all cases; therefore the data 
from the three combinations above was 
pooled for further analyses. Figure 2 indi- 
cates for the above combined groups that 
increase in retention on the fourth trial 
is greatest for the class shift groups, next 
greatest for the symbolic shift groups, and 
least for the background shift groups. 
Analysis of variance showed that the 
change in Performance between Trials 3 
and 4 for the combined symbolic shift 
groups was significantly different, F (1, 188) 
=397,b< -05, from that of the combined 
background shift group and the change іп 
performance between Trials 3 and 4 for 
the combined class shift group was signifi- 
cantly different, F (1, 188) = 12.94, р 


| 
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< .001, from that of the combined symbolic 
shift group. z 
Ns of Ss' performance on the dis- 
E on e showed that correct identifi- 
little de the: color words changed very 
m x the second through the fourth 
ае | "s the groups averaged approxi- 
E. the same number of correct re- 
E S on Trials 3 and 4. No group 
rage changed by as much as plus or 


min ^ sca 
3 Us one correct response from Trial 
to 4, 


DISCUSSION 


consist Sround shift trials, there were 
and cont ү ес between experimental 
ArNu's rol groups for those Ss receiving either 
group з SpNu s, but the experimental 
its a receiving W's was not different from 
Кр niate control. W ith numbers as the 
x. Eros и items it appears that the 
Derhaps aa is used asa codable dimension, or 
Words arc. a retrieval cue, whereas when 
Bround ic the to-be-remembered items, back- 
OF тезу is not an important codable dimension 
„о Tleval cue. 
shi", mereased retention on the background 
ора for the number groups may be 
о чя as a function of increased novelty, 
aroused wo and therefore increasing learning, 
Seems oe the shift trial. This explanation 
е оаа вараку for two reasons: the 
Piston d shift did not lead. to increased 
TOUD, а T the background shift with words 
f whick in two number trigram groups, both 
ack tus [aii и а background shift from 
report ae ау only two Ssin each group could 
respect i the shift trial was different in any 
creased rom the three preceding trials. In- 
hese retention on the shift trial in both of 
of рор» was observed to be equal to that 
Shift increase in groups which involved a 
the trom white to black background where 
by ig erence on the shift trial was reported 
inerea end 19 Ss respectively. If novelty or 
creased attention were factors leading to 
assume UO omane it seems reasonable to 
effective de noticed changes would be more 
not the c han nonnoticed. This, however, was 
7 ase. 
Mode er possible interpretation is that the 
dimensions encoded into a greater number of 
Uhe shif ns or category sets than the numbers. 
tin background for the number groups 
Where lead to a new encodable category set, 
as in the word groups, the number of 


category sets already used being large, it is 
not. The background shift thus acts as a 
salient category for the number groups but not 
the word groups. Wickens? (personal com- 
munication, May 1970) has recently found that 
shifting from upper- to lowercase type or vice 
versa when the to-be-remembered material 
consists of noun or verb triads is not effective 
in producing the release from PI phenomenon. 
Turvey and Egan (1969), on the other hand, 
have observed the PI release phenomenon 
when shifting the area surrounding consonant 
trigrams. These data also seem to fit the 
above interpretation. А shift in a physical 
parameter of the stimulus having an effect 
when the to-be-remembered items are not 
words. 

The class shift data confirm many earlier 
studies. The same dramatic increase in 
retention is observed in this study as in the 
studies reviewed by Wickens (1970), which 
involved either a CCC to NNN, ora taxonomic 
category shift. The effect of a combined 
class and background shift appears not to be 
additive in nature. Increase in retention was 
just as great for a class shift as for the com- 
bined class and background shift. This is 
most likely due to the great increase in the 
class shift groups where the retention on the 
shift trial is as high or higher than retention 
on the initial trial, leaving little room for 
improvement due to the addition of a back- 
ground change. 

The increase in retention for the symbolic 
representation shift group falls somewhere 
between the class and background shift groups. 
The shift in symbolic presentation might then 
be a more salient encoding dimension than the 
background shift. It is also possible that the 
great similarity in meaning between ArNu 
and SpNu allows interference to continue in 
category sets which the two types of numbers 
share, whereas this interference is not present 
when taxonomic or class shifts are introduced, 
because all new category sets in which no 
interference is generated are used by 55. 

Overall, the effect of shifting а physical 
parameter of the stimulus in a STM task is to 
facilitate performance on the shift trial. 
Shifting the symbolic presentation does not 
lead, however, to as great an increase in 
retention as shifting the class of to-be-remem- 
bered material. Shifting the background does 
not lead to as great an increase in retention as à 


3 This study was made possible by National 
Institute of Mental Health Grant QEG-5-9-45027b- 
0053. 
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shift in symbolic presentation and is effective 
only when the to-be-remembered items are 
numbers. At the present time it appears as 
if these data lend support to a release from PI 
interpretation. The other interpretation of 
the shift trial increase in performance, height- 
ened performance due to the novelty of the 
trigram, does not seem to be as cogent an 
explanation as that of PI release, as evidenced 
by the fact that noticed changes were no more 


effective in increasing retention than non- 
noticed changes. 
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Eo NUMBER OF RESPONSE CATEGORIES ON DIMENSION 
ELECTION, PAIRED-ASSOCIATE LEARNING,/AND COMPLETE 
LEARNING IN A CONJUNCTIVE CONCEPT 
IDENTIFICATION TASK 


WILLIAM J. THOMSON ' 


Vanderbilt University 


Multiple-category conjunctive concept identification 
Processed in two stages, dimension selection followed by 
learning. The effect of manipulating the number of response c 
six, or nine) on dimension selection, paired- 
learning was investigated in a 3 X 3 design involv 
number of response categories did not affect 
increase in total errors as a function of incre 
associate learning and complete learning groups. 


found for paired- 


support a duoprocess theory of concept 
independent and sequential dimension selection 


тесеп theoretical approaches specific 
о о conjunctive concept 
| Tabasso Ion (CI) have been described. 
| heory р апа Bower (1964) propose a 
Poss, hieh solution to a conjunctive 
Solution h achieved by the independent 

lat са ^s two subproblems. Itis assumed 

EE UM à subproblem is solved independ- 
Probabilit concurrently, with a constant 
опата У of solution on each trial. In 
ley (197050 the subproblem theory, Chumb- 
base d ) has proposed a duoprocess theory 
Ing on the separation of complete learn- 
into two stages, dimension 

ming or followed by paired-associate 
i PAL). Such a distinction had 
Previously suggested by Richardson 
nde. eee (1954), and mathematical 
embod simple (one relevant dimension) 
сус d LAE DS and PAL have been 
ang e by Bower and Trabasso (1964) 
“humble.” Polson, and Dunham (1970). 
“аеро. Sy, in considering a multiple- 
1 Ps Y conjunctive task, proposed that 
two зз of picking values from exactly 
Dips твое to form a locally consistent 
With m bes a hypothesis consistent 
and the current stimulus. Following DS 
Mitial | concomitant memorization of the 
lypothesis (e.g., red rectangle-1), 


Ider 


Selec e 
ка ton (D 


1 
Reques А 
J. dps for reprints should be sent to William 
niver, ason Department of Psychology, Vanderbilt 
sity, Nashville, Tennessee 37203. 


problems may be 
paired-associate 
ategories (four, 
associate learning, and complete 
ing 81 human Ss. The 
dimension selection, but a linear 
asing response categories was 
The results 
identification which assumes semi- 
and paired-associate learning. 


S learns the remainder of the categoriza- 
tions in a paired-associate fashion. Details 
of the model were tentative and will not 
be described, except to note that the PAL 
process is essentially identical to Bower’s 
(1961) PAL model. 

The purpose of the present experiment 
is to investigate the duoprocess approach 
by manipulating the number of response 
categories in multiple-category conjunctive 
CI. If the duoprocess model is valid, 
several results should obtain. 

First, DS should be relatively un- 
affected by manipulating the number of 
response categories. lt may be shown that 
a slight positive relationship is predicted 
between the number of response categories 
and trials in DS, since the probability of 
resampling decreases slightly as the number 
of response categories increases. However, 
relative to the similar positive relationship 
expected in the PAL stage, the increase in 
DS is minimal. Overstreet and Dunham 
(1969), using four and nine response 
categories in a conjunctive CI task, ob- 
tained a complex series of results which 
were interpreted as supporting the predic- 
tion that trials to criterion in DS were 
relatively unaffected by number of response 
categories. However, two problems arise 
in this interpretation. First, no feedback 
was given in the DS stage of learning, ап 
thus comparisons with DS as a subset о 
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CL (i.e., with response category feedback) 
must be qualified. Second, a trial was 
defined as the presentation of one stimulus 
from each response category. Hence, even 
though trials to criterion were virtually 
identical for the four- and nine-category 
groups, Group 9 saw more than twice as 
many stimuli. Thus the question remains 
open. 

The second duoprocess prediction is that 
PAL should exhibit а linear increase in 
errors as a function of increasing the 
number of response categories (see Bower, 
1961, for details). Also, if DS is unaffected 
by number of Tesponse categories, CL 
should likewise exhibit a linear increase 
in errors. Data on this latter point are 
equivocal. Walker and Bourne (1961) 
found an exponential increase in errors as 
response categories increased, but the 
increase in response categories was con. 
founded with an increase in problem com- 
plexity (і.е., an increase in the number of 
relevant dimensions), Overstreet and Dun- 
ham (1969) found an increase in trials 
(defined above) to criterion as response 
Categories increased in a PAL task, 
total errors were not re 
and Dunham (1970) reported pilot data 
rom а one relevant dimension CI task 
indicating à nonlinear, negatively acceler- 
ated function between errors and increasing 
response categories in a CL condition. 
Perhaps the clearest data come from a CL 
study by Kepros (1965), who varied the 
number of relevant dimensions (two, three, 
or four) in a conjunctive task, while 
independently varying the number of re- 
Sponse categories (two, three, four, six, or 
eight). The major finding of interest to 
the present Study was a linear increase in 
errors as a function ог increasing response 
categories. 


Тће final prediction concerns the 


se- 
quential nature of the DS and PAL 
processes. If DS and PAL are inde- 


pendent and sequential, 
in a CL task should be Predictable from 
analyses of DS and PAL tasks, Evidence 
for equality in trials to criterion between 
summed DS and PAL, and a separate CL 
group, has been found by Richardson and 


then performance 


К. 
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Bergum (1954). However, the stimuli 
consisted of only three dimensions, an | 
achievement of criterion in the DS зам 
was quite rapid, making the task for F 
PAL and CL groups virtually identica a 

The present experiment was designe E 
provide further data concerning и 
three predictions from the duopon р 
model. The effect of increasing the num С 
of response categories оп DS was hr 
by a series of groups with the task he 
discovering the relevant dimensions in Е 
presence of response category feed be 
"The second prediction of a linear ince 
in errors and the third prediction 254 
dependent and sequential DS and TM 
processes were investigated with two scr aA 
of groups, denoted PAL and CL. Ea 
of the PAL and CL conditions contain 
groups varying factorially on the numb 
of response categories, and PAL and id 
differed only in that PAL Ss were (0 
the relevant dimensions at the outset 
the experiment. 


Метнор 


Subjects and stimuli, —The Ss were 81 introductory 
Psychology students Partici 
ment of a course requirement. Seven males NU. 
females were randomly assigned to cach of the n 
experimental condition ist- 

Stimuli were composed of geometric forms cons 
ing of four ternary dimensions: siz (small, mediu P 
large), color (red, blue, green), shape (equal 
circle, hexagon), and number of figures (one, pé 
three). In conditions where binary dimensions b. 
used, only the first two of the above three уаји 
Were present. Stimuli were mounted on 5 
White cards for presentation. а 

Procedure.—Three instruction conditions D 
PAL, and CL were used, with three groups differs 
in number of response categories (four, six, ог ms 
in each condition. "Thus a total of nine experiment? 
groups were constructed : DS-4, DS-6, DS-9, PAL-^ 
PAL-6, PAL-9, CL-4, CL-6, and Ci.-9. . 09 

АП Ss were given detailed instructions indicati? 
that the experiment was a straightforward class! ү 
cation task. Each of the four dimensions A 
described by showing .S two cards containing e 
different. values from each dimension, ‘The name" 
(but not the values) of each dimension were ava! 
able to 5 throughout the experiment. ‘hod 

The conjunctive classification rule was девете 
à rule in which each category contained a unde 
joint occurrence of particular values from the bur 
relevant dimensions (e.g., small, red objects are in 
Category В). The use of the conjunctive rule i 


x Р ill- 
iting in partial full 


as 


DIMENSION 


Sorti, ; Я 
у n to different categories was illustrated 
а5 Поле the | The first example used letters 
ША uen the second used parts of speech; and 
on understan ee forms. Emphasis was placed 
told that TE ing the conjunctive rule, and 5s were 
imensions, w. ane rule, based on two of the four 
Next, all оц d be used in the actual experiment, 
Bories (а Nds told the available response cate- 
Particular Set of the letters А through 1). The 
throug} responses for each S were available 

2 ме E the experiment. 

Cate qn Groups CL and PAL were told to indi- 
Name o Кошны of each card by writing the 
оп oppone category on a response sheet. 
mensions S s in the PAL group were told which 
Б Were ere relevant (always color and size). 
Y writing required to respond to each stimulus 
felt g the two dimensions upon which they 
issification was based. Following each 


Cac] 
А experi 
Dump, Perimental group. 


Or al 


and 


di 
Nensions 
Ops. 


ro information 
values per dimension could have aided 


Detailed 


n ноћ so such information. was 
ifs ated бао, instructions. Extensive debriefing 
Sed such inf: only one 5 (in Group DS-6) may have 
si trial ek ој to solve the problem. | 
ып из, ү ebned as the presentation of a single 
MS tation cycle of trials was defined as the 
5р Se cate of a Stimulus from each available 
in апа сапа. The Ss were presented cycles of 
; random Sed within a cycle were presented 
li rom Н ег, with the exception that two 
Песине] ШЕ same category could not appear 
Ss "У across cycles. 
5 Were run to a criterion of one correct cycle 
i а A maximum of 180 trials was given in 
c, Гога] P 144 trials for Cond. PAL and DS. 
TOups CI our Ss (two in Group CL-9, one each in 
n within 4 and DS-6) failed to achieve a criterion 
Placed. the allotted number of trials and were 


RESULTS 


STAR 
an ш DS.—An error was defined as 
TO of dimensions other than both 
= t dimensions. Analyses of variance 
ву per formed on total errors (TE), trial 


ast error (TLE), and trial of first 
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Fic. 1. Total errors as a function of number 
of response categories for paired-associate learning 
and complete learning conditions. 


selection of the relevant dimensions (TFS). 
No significant effect due to number of 
response categories was found for any of 
these measures. Mean values across groups 
were 42.22 for TE, 49.15 for TLE, and 
10.96 for TFS. 

Conditions CL and PAL.—An analysis 
of variance for TE indicated main effects 
for number of response categories, P (2, 48) 
= 14.2, р < .001, and instructions, 
(1,48) = 17.5, $ < .001, with the inter- 
action nonsignificant. The means for the 
CL condition were 35.67, 52.78, and 75.22 
for four, six, and nine response categories, 
respectively. Corresponding means for 
the PAL condition were 10.00, 27.11, and 
49.89. An overall test for linear trend 
(Gaito, 1965) along response category 
indicated that 99.9 % of the TE variance, 
F (1,48) = 28.4, p « .001, was accounted 
for by the linear component (Fig. 1). 

Similar main effects for response cate- 
gories, F = 15.79, р < .001, and instruc- 
tions, F — 14.57, p « .001, were found for 
TLE. For Cond. CL, the response category 
means ordered 51.44, 82.78, and 115.22; 
for PAL the means were 17.00, 48.22, and 
19.33. Once again, significant linearity Was 
found, F (1,48) = 31.20, р < .001. 
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Discussion 


As predicted, DS was unaffected by manipu- 
lating the number of response categories. 
This result is consistent with the duoprocess 
approach, since dimension selection is assumed 
to be primarily influenced by changes in the 
number of available dimensions (e.g., Over- 
street & Dunham, 1969). 

The second prediction of a linear increase 
in TE for the PAL groups as a function of 
increasing response categories was also upheld. 
This result, in fact, was found in both СТ, 
and PAL groups, as indicated by the lack of an 
Instructions Х Response Category interaction, 
and illustrated by the remarkable stability of 
the difference between CL and PAL for TE 
across response categories (i.e., 25.67, 25.67, 
and 25.33). Corresponding figures for differ- 
ences between TLE across Groups 4, 6, and 9 
were 34.44, 34.56, and 35.89. This constant 
difference between CL and PAL also lends 
support to the duoprocess notion that the only 
difference between CL and PAL, is the addition 
of a dimension selection process in Group CL. 
Since dimension selection is independent of 

number of response categories, the difference 
between CL and P. 


AL should be consistent. 

. Results related to the third prediction of 
independent and sequential DS and PAL 
processes are Somewhat ambiguous. Consider 
TLE. As indicated above, a consi ency of 
differences between CL and PAL is in line 
with independent and sequential processes. 
However, the size of this consistent difference 
(approximately 35 trials) should be mirrored 
in the DS group, Chumbley (1970) postulates 
that the initial selection of the two relevant 
dimensions initiates the PAL portion of the 
solution Process. This assumption may be 
considered а theoretical lower bound for the 
number of trials in DS, and this bound is 
experimentally Tepresented by ТЕ$. Although 
the mean TFS was found to be consistent across 
response categories, the value (X = 10.96) is 
considerably smaller than the difference be- 
tween CL and PAL, On the other hand, the 
data also indicated that DS was not complete 
before PAL processing began, ЈЕ DS had been 
complete, one would expect the mean TLE 
for DS (X = 49.15) to approximate the 35. 
trial difference between CL and PAL. Such 
was clearly not the case. 

At least two explanations for 
correspondance between the DS group and the 
difference between CL and PAL may be 
offered. First, the DS task тау have been 
confusing to S, since he was required to give 


the lack of 
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dimension names as responses, while receiving. 
category feedback. If DS Ss were confused, 
it is not unreasonable to assume that confusion 
would occur on some constant initial number 
of trials, bringing the actual number of non- 
confusion trials more into line with the ex- 
pected number of 35. In any case, the assump- 
tion that TFS is the critical event in initializing 
PAL processing would still be rejected. 4 

A second explanation assumes that DS nec 
not be complete before PAL processing begi 
That is, S may in fact learn a constant эш 
number of paired associates (e.g., one E 
red circle-B, one small blue square-F) an 
attempt to deduce the relevant dimensions 
Thus DS, rather than random selection, 18 
deductive. Such processing would still p: 
independent of the number of response cate 
gories, but the total number of trials in the 
PAL phase would be reduced since a зта 
number of PALs would be known when 
was complete. Thus the difference between 
CL and PAL would underestimate the пштђе" 
of trials taken by an independent DS group: 
Informal evidence, obtained through extensive 
debriefing of DS Ss, indicated that a larga 
Proportion of the paired associates were know d 
(even though such information was not a 
quested in the task) and that Ss did attemP 
to deduce the relevant dimensions, rather tha? 
randomly sample. 

In general, the present results lend strong 
Support to the duoprocess notion. DS 725 
found to be uninfluenced by manipulating E 
number of response categories, even thoug 
Some questions remain concerning the in 
dependent and sequential nature of DS an" 
PAL. In addition, the predicted linear i 
crease in total errors with increasing respons? 


1 D || 
categories was found for both Cond. РАР 
and CL, 
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The effects of nonreir 
identification task were examined. 

50% randomly administered blank tri 
trials. Presolution statistics, 

last error indicated that Ss did 
The degree of local consistency 
п to actual or inferred feedb 
successes and errors th: 
(р « .01 in all cases). 
called errors (p « .01). 
performance distinction 


A 
als 


not resam 


ack on Trial 
an following bo 
Consistency wa 


and the notion c 


Levine (1966) has employed 
trials procedure to evaluate Ss’ 
behavior on concept pro 
solution depends on a si 
mension. The techniqu 
bedding sets of nonre 


a test sequence. The technique allows Le- 
Vine to infer S's current active hypothesis. 

One assumption centra] to the use of the 
blank trials Procedure is that S does not 
change his current hypothesis on non- 
reinforced trials, А failure to resample 
hypotheses is also the distinguishing charac- 
teristic of success trials, according to the 
carly quantitative models of concept identi- 
fication (Bower & Trabasso, 1964; Restle, 
1962; Trabasso & Bower, 1966). This 
raises the Possibility that Ss treat non- 
reinforced trials as if they were suc- 
cess trials in Concept identification + 
Levine (1966) іп fact, provided 
on that his Ss treat 
as if they were success 
ating that Over 90% 
maintain a hypothesis 
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nforced (blank) trials 


number of called errors, an 


^ measured by m. 


"These results are expl 


during presolution of 
partial reinforceme 
; à control group у 


à concept 
nt group received 
as reinforced on all 
d trials to trial of 
nple hypotheses following blank trials. 
atching of responses on Trial 
п — 1 was weaker following uncalled 
th called successes and called errors 
1s greater after called successes than 
ained through a learning- 
ve state. 


of a pass 


on both nonreinforced and success trials: 
However, Levine's task was considerably 
different from the conventional concept 
identification problem. The problems n 
volved only four dimensions, Ss were 65 
tremely Practiced, and fewer than 20% 
of all responses were reinforced. There 
fore, it is reasonable to ask, in genera" 
whether nonreinforced trials are tru) 
blank, i.e., equivalent to success trials. 

Such a question can be asked at severa 
levels. One approach is to manipulate th? 
percentage of reinforced trials in a concep” 
problem, and then to examine the effect 
on various learning statistics, such as the 
mean number of errors. At this level it 18 
possible to ask if resampling occurs О? 
nonreinforced trials, ]f nonreinforced trials 
are equivalent to success trials in terms 0 
these learning statistics, one would predict 
in accord with previous work (Trabasso 
& Bower, 1966), that the mean number 9 
called errors should be independent 9 
the percentage of reinforcement, Alter- 
natively, if Ss resample on some proportion 
of the nonreinforced trials, an increase 1? 
called errors would be expected. 

Given this overall te 
finer breakdown of the data might be 
employed. Falmagne (1970) examined 58 
consistency curves by finding the prob- 
ability of repeating on Trial z the response 


. a 
st of equivalence, ? 


— C--—'V'vV ne ү | 
 —— ч чч Өч 
o ——— СЕ ——————————Rá 
од“ 
fas = ог, = 


NONREINFORCED TRIALS IN CONCEPT IDENTIFICATION 


| хаз reinforced on Trial п — 1. This 
соте Sm repeating the reinforced out- 
G EC was a linear function of 

tained the T dimensions (k) which re- 
ton, The pe Values from Trial z — 1 
of local oram is essentially a measure 
5 retain трт, ог the extent to which 
Tom the E AR the stimulus information 
Was ооа trial. While tracking 
ed, it was not complete, ће. 


track; 
P Was less than ^. This fact was 
major " п 
he а of Falmagne's argument for 
oni et a passive state, In which 
Ypothesis randomly, without using а 
lale o.: generated from the previous 
у de their action. 'The probability 
trial w lg the passive state on any given 
as assumed to depend on S's state, 


Teg 
trian and outcome of the previous 
In 4 
пара present circumstance, one would 
the Em reinforcement should influence 
Геша е of a passive state, such that 
азыу де more prone to lapse into а 
trial, „State following a nonreinforced 
Passive S the extent that Ss enter the 
Curves RM, the slope of the consistency 
lt; i. hould tend to be independent of k. 
twe n mass possible for differences be- 
ar} а сай апа success trials to 
ence nf of local consistency, even in 
GEN of differences on simpler learn- 
ay «Stiles, 
з 
Х фу езеле study attempts to examine 
ices between nonreinforced trials 
of pi oen trials by varying the percentage 
Analyze cement, The data are then 
са ning оп the basis of both standard 
Consiste statistics and an examination of 
ency curves. 


METHOD 


Slimy; 
Mme, Nuli c Ы 
Меола Stimuli were the 32 unique five-di- 
(У adip terns formed. from the following 
dE TRAE (a) fill (filled, empty), (b) size 
n (450 (с) shape (square, circle), (4) orienta- 
359), and number (three, two). 
2n i. total of 86 undergraduates partici- 
. pe experiment to satisfy course require- 
ifty Ss were from Purdue University, and 


Date Ле. 
Meng 
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the remaining 36 were from Douglass College, 
Rutgers University? 

Experimental conditions.—There were two condi- 
In Cond. 1, the control condition (С), Ss 
received feedback on all trials. Та Cond. 2, the 
partial reinforcement condition (P), Ss received 
feedback on 50% of all trials. The determination of 
feedback random within each set of 32 trials, in 
which each different stimulus was presented only 
once. 

Procedure.—The Ss from both universities were 
assigned randomly to the two conditions, with an 
equal number of Ss from each university assigned to 
each condition. They were instructed that they 
would view patterns which varied in fill, size, shape, 
orientation, and number. They were told that 
stimuli belonged to one of two categories, and that 
by responding to each stimulus and receiving feed- 
back, they were to discover the category гше. The 
partial reinforcement group W; o informed that 
on some trials they would receive no feedback, but 
were to continue responding when this occurred. 

Stimuli were arranged in random permutations. 
A subset of these permutations constituted a proto- 
col. Stimuli were projected for 6 sec. each. After 
3 sec., Ss were cued to respond verbally. Verbal 
feedback was given after the 3-sec. response period. 
Within each condition, the dimension chosen as 
relevant varied across The criterion for solution 
was a minimum of 16 consecutive correct responses. 


tions. 


RESULTS 


Two learning statistics, the mean number 
of called errors (CE) and the mean trial 
of last error (TLE) were compared across 
the partial reinforcement and control 
groups. The mean CE for the partial 
reinforcement group was 6.74; for the con- 
trol group, 5.75. These means were not sig- 
nificantly different, /(81) = 1.02, p > .20. 
The partial reinforcement group require 
approximately twice as many trials to last 
error as did the control group, with means 
of 27.57 and 12.90 for the two groups; 
respectively, #81) = 3.36, р < .01. 

These data point to the similarity of 
blank and success trials in terms of learning 
statistics. The equality of CE's across 
conditions suggests that Ss did not resample 
hypotheses on nonreinforced trials. 

Local consistency.— То further examine 
the effects of called versus uncalled trials, 
an analysis was made of local consistency 
on Trial > as a function of trial type on 

3 The data of three Ss, two from Purdue and one 

o failure to 


from Rutgers, were discarded due t 
reach solution in 128 trials. 
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TABLE 1 


MEAN PROPORTION CONSISTENT RESPONSES 
FOR EACH TRIAL TYPE 


No. of common dimensions 

Trial type 
One Two Three Four 
5 * 1 39 49 -67 
> Ne 100 70 174 101 
CE. p 37 .42 .50 -64 
N 71 128 125 61 
US p 44 Ad 51 -64 
N 41 106 98 55 
UE p 42 „52 54 -63 
N 33 72 89 49 


? Proportion consistent responses, ЖИЗ 
b Number of Observations on which Proportion is based. 


Trials — 1. The protocol of each S was 
divided into Trial Pairs n — 1 and » having 
one through four dimensions in common. 
(Due to the use of random permutations of 
the stimuli, a repetition of a stimulus yield- 
ing a pair having five common dimensions 
did not occur, Pairs having zero common 
dimensions were not analyzed, due to the 
infrequency of their occurrence, i.e., in 
only 45 of the 1,418 available presolution 
pairs). 'These pairs at each common di- 
mension level were then divided into two 
subjects for Cond. € depending on the 
trial type, called error (CE) or called 
Success (CS), which had occurred on Trial 
^ — 1. Forthe partial reinforcement Cond. 
P, pairs were divided into four subjects for 
the four trial types, CE, CS, UE (uncalled 
error), and US (uncalled Success) which 
had occurred on Thala == 1, For each 
trial type and number of common dimen- 
sions, the number of responses to these 
trials which were consistent with feedback 
on Trial n — 1 Were counted. 
called trials, both UE and US wer 
as if feedback had been * 
n — 1. This analysis is analagous to that 
performed by Falmagne (1970). 

Тће partial reinforcement versus control 
conditions were tested for equivalence of 
local consistency following CS and CE 
trials. Two 2 X 4 unweighted means 
analyses of variance, one for each trial 
type, were performed. Factors were condi- 


e scored 
'correct" on Trial 
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tion (C, P) and number of common ачи | 
sions (one, two, three, four) The F | 
dent variable was the consistency О раї 
response to each pair of trials, i.e., а nse 
was scored “опе” for a consistent respo É 
“zero” otherwise. For pairs contain 
CS trial on Trial n — 1, equal eps 
portion consistent responding was > 26 
across conditions, F (1, 546) = .00, р f und 
Furthermore, no interaction was soi 
between condition and number of com 1 
dimensions, F (3, 546) = 1.63, р > 15 
indicating homogeneous — ИН 
CS's in the two conditions. A signi ions 
effect of number of common dime um 
F (3, 546) — 13.43, р < .01, reflecte чн 
monotonic increase in proportion € of 
responses as a function of numbe 
common dimensions (see Table 1). calle 

Similar results were found for ditio 
errors. There was neither a сори по 
main effect, F (1, 337) = 375, p > 2 ' pi 
a Condition x Number of Comma 81, 
mensions interaction F (1, 337) um. | 
P > .10. The main effect of num pé 
common dimensions was significant, the 
337) = 4.53, p < .01, again reflecting У. 
Monotonic increase in local consistency | 120 
à function of number of common din 
sions (see Table 1). NE 

Since no evidence of differential was 
sistency in either CS or CE trials wert 
found in the two conditions, data М 56° 
pooled across conditions for further ana Yo 
of local consistency. The mean prot 
tions of consistent responses after tjo! 
uncalled successes and errors as a functo 
of number of common dimensions are а 
Shown in Table 1. "d 

Weighted regression analyses were P 
formed to determine the slope of the lé a 
Squares line, showing consistency а 
function of number of common dimens!? í 
Analyses were performed separately ge 
each trial type. Weights for the апају n 
were the number of observations ЧР! 5 
Which each proportion was based, io 
given in Table 1. Results of the regress all 
analyses are shown in Table 2. Por ori 
trial types, the best-fit line deviated tin 
zero slope (p < .01 in all cases), T 
the existence of some degree of loca 
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Sistency i 
c "E 
y in each case. The consistency was · 


not 
sco SÉ powere as slopes of unity 
sistency had m expected if perfect con- 

oda been obtained. 

Ypes, Jc n varied as a function of trial 
nificance of m CHIP were tested for sig- 
ade betwe ifference. Comparisons were 
ing CS ver en slopes of consistency follow- 
Versus U 1515 CE, CE versus US, and US 
In the set Го control for collective error 
Were em de tests, Scheffé critical values 
Ша Wa. paed. The slope following GS 
pon that EUM to be significantly steeper 
201, p p CE trials, ! (935) = 
p Versus US The same was found for 
1, Баи ДЕ (681) = 12.70, 
a) = 9:86 ог US versus UE trials, 
Sistency Рак p < 01. In sum, greater 
GT error ar as found following success 
ials, Tials, and called over uncalled 


Discussion 


Y 

he ; 

Ley: analysis 

rej ез iem of learning statistics supported 
nfor 6) assumptions regarding non- 


Ni Ced tri 

Td o ae No significant differences 
бел ics of th between standard presolution 
liy Süggesti- two conditions of the experi- 
Potheseg ing that Ss did not resample 

со пер D nonreinforced trials. 
"isis ency reakdown of the data in terms of 
А ре. conditionalized on feed- 
Бај extent highly significant differences 
folle agne (ош tracking. In accord with 
аз Ming ни consistency was greater 
two own Bs the successes than called errors, 
fop COnsister jos difference in the slopes of the 
псу curves. The observed slope 


Fay, Calle 
ај d success 2 B 
са Запе ти“ is quite comparable to 
ed erfor pta, Furthermore, the slope for 
s is less steep than that for called 
Wii TABLE 2 
TED REGRESSION 
k Coxstsr ERREUR ANALYSES OF LOCAL 
X A FUNCTION or NUMBE 
m OF Соммох DIMENSIONS У | 
tig == 
Ч type | Regression 
© coefficient 9 af Р 
5 
СЕ 59 112.55 5 
5 „5 2.5 552 <.0 
Us 43 76.48 383 50 
UE .35 40.09 298 <.01 
28 31.40 241 <.01 


“Test for sian = 
significance of difference from zero slope. 
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successes, as also г F 

data of this study or et Т 
E ) almagne 
in one respect. She found an essentially flat 
consistency curve following called errors, which 
indicated that Ss did not respond with regard 
to the previous stimulus on those trials on 
which they had made an error. Following 
errors, they apparently resampled hypotheses 
without using the stimulus information from 
the prior trial to do so. The present data are 
somewhat contradictory, in that evidence Was 
found for partial local consistency following 


CE trials. 

Тће data also exhibit s 
following nonreinforced trials. This suggests 
that Ss did consider the stimulus which 
occurred on à blank trial in formulating their 
next response. However, both uncalled suc- 

s and uncalled errors produced соп- 
ency curves which were less steep than 
those of the called trials. This, in turn, 
suggests that it is the probability of considera- 
tion of the stimulus on Trial п = 1 which 
differs from the reinforced to blank trials. 

Perhaps the simplest way to consider the 
present data is in terms of a learning-perform- 
ance distinction. Nonreinforced trials have 
essentially no effect in terms of conventional 
learning statistics. The Ss did not seem to 
resample hypotheses on uncalled trials. How- 
ever, the finer breakdown of the data in terms 
of consistency curves revealed performance 


differences following nonreinforced trials. 
f this learning-per- 


ome degree of tracking 


possible interpretation © 
formance distinction can be attained through 
on of Falmagne’s (1970) hypothe- 


an elaborati 
ed passive state. 
The passive state is one in which S tem- 
porarily responds by chance without the use 
of a hypothesis In the partial reinforcement 
condition, it is quite likely that the absence 
of feedback will induce S to lapse into the 
passive response state. It should be pointed 
out that the passive state is one in which 5 
responds haphazardly, but it does not imply 
S is failing to work on the problem. On the 
contrary, $ is quite likely to lapse into the 
passive response state when he is working 
on the problem. The passive state is then 
simply a response, or performance, state, the 
occurrence of which has no consequence ОП 
the learning process рег SC. Тћеге would be 
essentially no reason for S to make use of such 
a state if the act of responding on the basis of à 
hypothesis did not require the employment 
of processing capabilities. 

In the sequence 


normal of events, S 15 
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trying to keep track of previous information 
and current hypotheses. This process is con- 
tinually being disrupted by both the require- 
ment to respond on the basis of a hypothesis, 
and by the feedback information which must 
be processed. A nonreinforced trial provides 
S with an opportunity to concentrate on re- 
hearsal of his hypothesis set. 

order to maintain an effective 
5 might have а tendency to pro 
state response on the trial foll 
forcement. Such a notion o 
proclivity to a passive per 
would explain the difference 
following nonreinforcement, 
equivalence of the two experi 
in terms of overall learning s 


"Therefore, in 
rehearsal set, 
duce a passive 
owing nonrein- 
Ё an increased 
formance state 
in consistency 
in spite of the 
mental conditions 
tatistics. 
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I wats А А 
mmediate serial recall of consonant strir 
was tested for four encoding conditions: 
and а No-Instruction Control condition. 


ngs differing in digram frequency 
Pronouncing, Spelling, Grouping, 
In all encoding conditions, recall 
uency than for st rings of low digram 


was better for strings of high digram freq 
igh order, conditions 


frequency, For Ss encounter 
demanding overt vocalization 
УЗ in the High-Low order, n 
Significant interactions involving 
digram frequency and of encoding 
last half of the ser | position curve. 
digram frequency and encoding 
frequency effect was no 


R 

€call 

When E letter strings is greatly aided 
Upon q ential constraints аге imposed 


(19 yo Strings. Mayzner and Schoenberg 
Serial те “onstrated that the immediate 
f p ©СаП of consonant strings composed 
Шер whe antly 
y efr еп the letters were arranged 25 
ett 


di |^ Mayz n 
Әг ayzner and Schoenberg defined 
5 


Sc 
. (1960), which states that 
© a verbal units is directly 
ауа en frequency with which the 
a tiny ые experienced. The mecha- 
| uld ones 1 which high digram frequency 
Weve; ase availability remains unclear, 

- One possibility is that high- 
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ing strings in the Low-Hig! 

(pronouncing or spelling) 
o effect of encodin: 
serial position indicated that th 
condition were both concentra 
In the absence of an i 
condition, it was conclu 


produced superior 
g instructions was found. 
е effects of 
ted in the 
interaction between 
ded that the digram 


t mediated by encoding processes- 


are more available 


frequency digrams 
to encode them more 


because Ss are able 
efficiently. 

The major purpose of the present study 
was to determine whether the digram- 
frequency effect (Le. the finding that 
strings composed of high-frequency digrams 
are better recalled than those compose 
of low-frequency digrams) could be at- 
tributed to encoding operations performed 
by S. Encoding was manipulated through 
instructions. It was reasoned that en- 
coding operations would be implicated as 
a mechanism in the digram-frequency effect 
if instructions to encode had a differential 
effect upon recall of the two types 9 
strings. Aside from the possible differential 
effects specified above, a second purpose 9 
the present experiment was to determine 
the effects of various kinds of encoding 
instructions upon overall recall and upon 
the serial position function. 


Three types of encoding 1 
were used. In the Pronouncing condition, 
Ss were instructed to pronounce each letter 

a collection of syllables. 
In the Spelling condition, 55 were instructed 
to spell each string aloud in groups о 
three letters. In the Grouping condition, 
Ss were instructed to group the letters 
in each string, but were not instructed to 
pronounce ог spell aloud. Overt vocali- 


instructions 


string aloud as 
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zation, therefore, was involved in the first 
two of these conditions but not the third. 
Specific instructions to group were given 
only in the last two of these conditions; 
pronouncing as syllables, however, neces- 
sarily involves a kind of grouping, so that 
a grouping operation may be considered 
to be involved in all three of these condi- 
tions. There was also a No-Instruction 
(NI) control condition, in which no special 
encoding instructions were given. 

If the mechanism underlying the digram- 
frequency effect involves the encoding 
operations of pronouncing, spelling, or 
grouping, this should be reflected 
interaction. between the variables of en- 
coding condition and digram frequency. 
For example, it might be hypothesized that 
the digram-frequency effect results when 
Ss adopt the Strategy of encoding each 
letter string into a collection of syllables. 
Such a hypothesis would stem from the 
finding (Laughery & Pinkus, 1968) that 
immediate serial recall of Meaningless letter 
strings is higher when the letter sequences 
are more Pronounceable, combined with 
the assumption that 


! 5 consonant strings of 
high digram frequency would yield more 
Pronounceable syllables than those of low 
digram frequency, 


If this hypothesis is 
correct, then the digram-frequency effect 
should be greater in the Pronouncing condi- 
tion than in the NI control and should be 
reduced or absent in the Spelling and 
Grouping conditions, since the requirement 
to use other Strategies should Minimize the 
tendency to encode the strings into syllables. 

Apart from the Possibility that encoding 
instructions would have differential effects 
upon the two types of strings, 
grounds for Predicting that the various 
encoding operations Would increase the 
overall level of recall, Relative to an 
uninstructed control, the instruction to 
spell letters aloud during Presentation has 
been found to facilitate serial recall of 
consonant strings (Murray, 1966, 1967); 
and, for various types of stimuli, instruc. 
tions to group the stimuli into patterns 
without overt vocalization have markedly 
facilitated recall (Palmer & Ornstein, 1971; 
Ryan, 1969; Wickelgren, 1967). Accord- 
ingly, it would be expected that, regardless 


in an 


there are 
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of type of string, recall in the Spelling and 
Grouping conditions should be superior ү? 
that in the NI control. In two experi- 
ments which lacked a no-instruction control 
(Lindley, 1966; Stark & Calfee, 1970), 
instructions to pronounce trigram sets Or 
letter strings produced better recall than 
instructions to use other kinds of encoding 
operations. Such results suggest ш 
recall in the Pronouncing condition on 
probably surpass that in the NI conta 
although no firm prediction can be mod 

À third purpose of the present study y а 
the evaluation of possible order effects. 
With type of string (high digram frequency 
and low digram frequency) as a within-? 
variable, the encoding and rehearsal wi 
gies adopted by S may be influenced A 
the order in which the two types of stringi 
are presented. In the Mayzner and Schon 
berg (1964) study, the different types ly 
strings were presented in a тавба А 
intermixed order, which precluded inve 
gation of a potential order effect. T а 
present study used а blocked presentation 
Which allowed the evaluation of this effect 


Метпор 


Stimuli.—The stimulus materials in the test -— 
were 20 nine-letter strings. Each string consiste in£ 
some permutation of the nine consonants авай h 
most frequently in English (C, D, F, H, L, N, R, E 
There were 10 High strings (high digram frequen 53 
co) KCHNFSTLD) and 10 Low strings (low аши 
Es SNRCEHLDT). The summed ES. 
/ for the eight overlapping digrams in "he 
string (e.g., RC, CH, HN, etc.) averaged 773 for the 
High and 114 for the Low strings, based upon 
digram frequencies for written English given inf 
Underwood and Schulz (1960). The follow 
additional restrictions were placed on the consti 
tion of the Strings: (a) Within the set of 10 НЕ, 
Strings, and also within the set of 10 Low MIU 
each letter occurred in at least seven of the: DS 
serial posi ons, including the first and last posto. 
and no individual digram occurred in more ЕЕ 
5 of the 10 strings. (b) The number of digram dapi 
cations was equated between the High and Lo 
Strings; i.e., for every digram that occurred № time 
among the High strings, there was a corresponding 
digram that occurred the same N times among Es 

-OW strings. These added restrictions, althoug 
necessarily diminishing the mean difference id 
digram frequency between the High and Low s¢ e 
allowed greater control over position and repetitio 
factors which might have been confounded b 
digram frequency in the Mayzner and Schoenber! 
(1964) study. Each string was typed in capit? 


SE,” 
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1 
Es separate slide. There were no spaces 
Poci ccessive letters. 

cv ейи т Carousel projector was used to 
6-зес, к= сы ide for 6 sec. Immediately after each 
recall. A ч adon S was allowed 10 sec. for written 
entry E "o В, ith nine spaces was provided for 
write the ica strings The were instructed to 
Correct TE in the spaces corresponding to their 
Specify the A order, but the instructions did not 
б бё enter Еш order in which the letters were 
when па . The Ss were encouraged to guess 
period, mes At the end of the 10-sec. recall 
signaled 5 цо ыш MI a white light which 
After an Р writing and turn over the card. 
Projected. erval of 5.5 sec., the next slide wa 


Along wj У , ~ 
diem. У ith the general instructions, each 5 was 
With e illustrative slide (PW]GMBZVK) together 
n the structions specific to the encoding condition. 


letters Pronouncing condition, Ё indicated that the 
Sigon, ihe slide could be pronounced as the 
Spellin, є SEE of syllables: pwIJ-GIM-BIZVIK. dn the 
e spel pocorn. E indicated that the slide could 

Sample = aloud letter by letter and spelled out the 
PW) cum ring with a pause after every third letter: 
MB лук, [n the Grouping condition, E indi- 


cated 
letter | the slide could be grouped into three- 
бмв zu ente and held up a sheet lettered PWJ 


m did not pronounce or spell the letters. 
to fo ow к пе three conditio s were instructed 
all вц 1e method illustrated with the sample slide 
hese eee slid Those Ss in the first two 
Otia onditions were monitored to ensure they 
ced or spelled each slide aloud as instructed; 
Mad failed to follow instructions in the 
c condition was replaced. In the NI 
tive sli condition Ss were merely shown the illustra- 
he first ar tioutany special encoding instructions. 
s rative ustrative slide was followed by a second 
е slide and then by eight practice slides, 
HR of some permutation of the illus- 

n a ide letters. 
Stri he test slides, all Ss were shown the same 20 
A randomly designated half of the 20 Ss 


ne 


Pror 
One 
р 


i, DES. 

еа 

Ww at encoding group received the 10 strings of 
f ia n frequency followed by the 10 strings 
With th igram frequency (Low-High block order), 
о € remaining 10 5s receiving the opposite order 
10 x qeentation (High-Low block order). A 
order т Latin square was used to counterbalance 
block 9f presentation of the 10 strings within each 


Subj 
Uni ect —Eighty women undergraduates at the 
ment Pub of Wisconsin participated in the ехрег!- 
Psycholo ling a course requirement In introductory 
'wenty 28 Each S was tested individually. 
Düren 5 were randomly assigned to each of the 
ncoding conditions. 


RESULTS 


Corre " 
ras d i responses—A correct response 
is ^ ned as a correct letter recorded by 
its proper serial position. Since there 


TABLE 1 


Mean Correct RESPONSES 
PER ITEM 


Encoding cond. 


Digram 
frequency | wr con- i i Pronounc- 
NI con- | Grouping | Spelling noy 
Low 5.13 5.46 5.75 5.75 
High 6.08 6.26 6.43 6.68 


were nine letters per string, а maximum 
recall score of nine was achieved if a string 
had been perfectly reproduced. The mean 
number of correct responses per string, аза 
function of the various encoding conditions, 
is presented in Table 1. As can be seen, 
retention was better for the High strings 
than for the Low. A four-factor mixed- 
design analysis of variance with two 
between-S factors (encoding instructions 
and block order) and two within-S factors 
(digram frequency and trials), revealed this 
digram-frequency effect to be highly signifi- 
cant, F (1, 72) = 84.12, p < .001. There 
was no significant effect of encoding instruc- 
tions, F (3, 72) = 1.91, p > .05, and no 
interaction between digram frequency and 
encoding instructions, F (3,72) = 48 p 
> 05. Furthermore, there was neither à 
significant trials effect, F (9, 648) — .46, 
p > .05, nor any significant interaction be- 
tween trials and any other variable. 
Table 2 shows the mean correct responses 
per string for each block order (Low-High 
and High-Low). The interaction of en- 
coding instruction and block order which 


is apparent in Table 2 was significant, 


TABLE 2 


МкАх Correct RESPONSES 
PER ITEM 


Encoding cond. 

Block order р С Pro- 
воск Nico Groun- | Sing” | Sng 
NS 

Ні 5.19 | 6.06 647 
мы. $2 $49 | 662 6.82 
X | 5.06 | 5.74 6.34 | 65 

ligh-Low 654 | 623 | 623 6.54 
о mud NE: $76 | 5.72 | 5-13 5.33 
X | 6.15 | 598 5.83 | 594 
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Е (3, 72) = 3.98, р < .025. Сотрагіѕопѕ 
among the four encoding instruction means 
within the Low-High block order by 
Duncan multiple-range test revealed per- 
formance in both the Spelling and the 
Pronouncing conditions to be significantly 
(b « .05) superior to that of the NI con- 
trol condition. The corresponding analysis 
for the High-Low block order revealed no 
significant differences, (р > .05 for all 
comparisons). Indeed, a more liberal test 
than the Duncan multiple-range, two-tailed 
t tests, also failed to show any significant 
differences as a function of encoding 
instructions within the High-Low block 
order. It appears, therefore, that the 
instructions to group without overt vocali- 
zation had по significant effect upon 
performance, whereas the two encoding 
conditions which required overt vocali- 
zation—spelling and pronouncing aloud— 
had a significant effect, but only for those 
Ss receiving the Low strings first, 
Additional ; tests comparing the two 
block orders for each encoding condition 
revealed that for the NI control condition, 
performance was better in the High-Low 
than in the Low-High block order, / (72) 
= 2.81, P < .01. For the remaining three 
encoding instructions, no significant differ- 
between the two block 


An additional four-f 
analysis of variance was performed, with 
the same two between-S factors, with trials 
as one within-S factor and blocks (first or 
second, regardless of Whether the block 
contained High or Low Strings) replacing 
digram frequency as the second within-S. 
factor. The critical finding was that the 
three-way interaction between encoding 
instructions, block order (Low-High or 
High-Low), and block (first or second) 
failed to reach significance, F (3, 72у = 47, 
b > .05, indicating that the relation. be- 
tween encoding instructions and block order 
was constant over both halves of the 
experiment. That is, as can ђе seen in 
Table 2, among those Ss who first en- 
countered strings of high digram frequency, 
there was no significant effect of encoding 
condition, either in the first block (High) 
or in the second block (Low). On the other 
hand, those Ss who first encountered 
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strings of low digram frequency were 
influenced by those encoding instructions 
which called for overt vocalization, and 
those instructions were equally facilitating 
in both the first block (Low) and the second 
block (High). 

Serial position curves.—For all Ss, the 
number of correct responses in each of the 
nine serial positions were summed over each 
of the two 10-trial blocks. The mean 
percentage of correct responses expresse 
аз a function of serial position may be 
found in Fig. 1 and 2. А four-way mixed- 
design analysis of variance with two 
between-S factors (encoding instructions 
and block order) and two within-S factors 
(serial position and digram frequency) 
revealed a highly significant effect of seria 
Position, F (8, 576) = 170.41, р < .001. A 
highly Significant interaction between di- 
gram frequency and serial position, | 
(8, 576) = 4.28, р < .001, is shown in Fig. 
l. There is no digram-frequency effect in 
the first serial position, but the пеаг-се те 
performance level at that position may 
have precluded any difference between the 
two types of strings; or it may be that 
since the first serial position is not preceded 
by any letter, digram frequency is not à 
meaningful variable when the first seria 
position is considered. Moreover, ceiling 
effects do not appear at later serial ров!“ 


100. 


PERCENTAGE CORRECT 


Log 3) » 5 5 v^ ig ^9 
SERIAL POSITION 
"IG бы» с“ 
Fic. Д. Percentage of correct responses as a fun 
Чоп of serial position and digram frequency. 


ENCODING AND SERIAL RECALL OF CONSONANT STRINGS 


SR Ot bd 80 Ss tested, only 25 ex- 
Serial a. piares for. High strings at 
E бы. uci 2, 22at Serial Position 3, 
12, 9 н ү Position 4; for Low strings 
E and 5 Ss recalled perfectly at these 
m ous As serial position im- 
vp ie difference between, High and 
the н s increases monotonically until 
B canes serial position after which it 
К о  nonmonotonically but remains 
iue ed for the first four serial posi- 
the High ence, the relative superiority of 
the id | pae can be localized largely in 
A hi e ој the serial position function. 
x ту ви y significant Serial Position 
24. 576) ng Instructions interaction, dt 
Fig. 2 An uid p < .001, is shown in 
Position gan it is the last half о! the serial 
conditi curve which distinguishes among 
‘Hons. Recency effects were found in 

the | бана, but were more marked in 
zation E involving overt vocali- 
ne othe pelling and Pronouncing) than in 
among di. two. The three-way interaction 
Dons igram frequency, encoding instruc- 
hs, and serial position did not reach 


Signit 
бато, F (24, 516) = „55, b > .05, in- 
Upon | that the effect of digram frequency 
Was 3 shape of the serial position curve 
€ same for all encoding conditions. 


€ ser ee н : 
Serial position curves did not differ for 
= 1.14, 


th 
€ two block orders, F (8, 576) 


loo 
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D SPELLING 

=o GROUPING 

+= s+ PRONOUNCING 


E D paak SMe V 
SERIAL POSITION 


8 9 


Fi 
с. 
2. Percentage of correct responses as a func- 


ti У ге: s 
On of serial position and encoding instructions. 
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p» 05. A significant three-way inter- 
action among serial position, digram fre- 
quency, and block order, F (8, 576) — 3.23, 
p < .005, indicated a greater recency effect 
for the second test block for both High and 
Low strings. All remaining interactions 
with serial position failed to reach the .05 
level of significance. 

Error data.—Errors were classified into 
three mutually exclusive categories: omis- 
sions (no letter entered), misplacements 
(letter entered in incorrect serial position), 
and importations (entry of a letter not 
contained in the string). As might be 
expected from the correct score analysis, 
significantly more errors of each type 
occurred for the Low strings, Fs (1, 72) 
> 17.92, p « .001. Separate analyses of 
variance for each error type failed to reveal 
significant effects of either encoding instruc- 
tions or block order, although a significant 
Block Order X Encoding Instructions inter- 
action was found for misplacement errors, 
F (3,72) = 3.67, p < .05, indicating fewer 
misplacement errors for the Low-High 
block order for groups using overt vocali- 
zation (Pronouncing and Spelling), while 
the two remaining encoding conditions 
exhibited slightly more misplacement errors 
for the Low-High block order. 


DISCUSSION 


The present results replicate the digram- 
frequency effect found by Mayzner and 


Schoenberg (1964), viz., that immediate serial 
recall of high-frequency consonant strings 15 
significantly better when the letters are 
arranged into digrams of high frequency than 
when the same letters are arranged into 
digrams of low frequency. The mechanisms 
underlying this effect, however, remain unclear. 
The failure to find any significant interaction 


between encoding condition and digram fre- 


quency (i.e., the failure of the encoding instruc- 
tions to change the magnitude of the digram- 
frequency effect) made it unlikely that this 
effect could be the result of Ss' adoption of an 
encoding strategy which is more efficient for 
strings of high than for strings of low digram 
frequency. Furthermore, differential effects 
of encoding upon High and Low strings were 
not found for the two ancillary variables: shape 
of the serial position curve and errors; this also 
argues against an encoding explanation of the 
digram effect. 
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It might be argued that the digram-fre- 
quency effect is the result of some kind of 
encoding operation other than those manipu- 
lated in the present study, ie, that un- 
instructed Ss spontaneously adopt some other 
encoding strategy, and this hypothetical other 
Strategy is more efficient for the High strings. 
If this were the case, however, there should 
have been a significant Encoding Condition 
X Digram Frequency interaction, with the 
digram-frequency effect being greater for the 
NI control group than for the three groups 
instructed to use a different strategy. In short, 
nothing in the present data supports the 
hypothesis that the superior retention of high- 
frequency digram arrangements is mediated 
by a more efficient encoding operation. 

Other purposes of this experiment were to 
determine whether the various encoding орега- 
tions would have any facilitating effect on 
immediate serial recall of consonant strings 
and to evaluate the effect of presenting the 
Strings in the High-Low versus the Low-High 
block order. The relevant findings may be 
summarized as follows: (а) Instructions to 
pronounce and instructions to spell aloud both 
facilitated performance, on both types of 
strings, when the Low-High block order was 
used but not When the reverse order was used, 
and (b) the High-Low block order facilitated 
performance, 9n both types of Strings, for the 
NI Control Ss but not for the three groups 
instructed to encode, Convincing explanations 
for this set of results аге not immediately 
apparent. These findings suggest, however, 
that two Sources of facilitation were involved, 
one being overt vocalization and the other an 
unknown factor associated with the High-Low 
block order, and that their effects were not 
additive; i.e., facilitation from one of these 
two sources precluded any significant amount 
of facilitation from the other, 

The finding that, at least in the Low-High 
block order, recall was improved by instruc- 
tions to spell aloud confirms the results found 
by Murray (1966, 1967) who compared spelling 
aloud with silent reading of Strings of eight 
consonants. The present study, in addition, 
shows improved recall as а result of overt 
vocalization regardless of Whether it takes the 
form of spelling the string letter by letter or 
pronouncing the string as a collection of 
syllables. The serial position curves in the 
Murray studies are also similar to those in the 
present experiment in showing the improved 
recall which occurs as a result of overt vocali- 
zation to be localized largely in the latter 
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half of the curve, especially in the terminal 
position. . | ti 

While it is tempting to interpret the seri ; 
position data in terms of a two-pha: w 
memory (e.g, Atkinson & Shiffrin, 19 T 
Broadbent, 1958; Waugh & Norman, 1965), 
the limited recency effect which occurred only 
for the last item rather than for the last ey 
items argues against a strong short-ter m 
memory component. Until immediate еге 
tion is compared with delayed retention, Y 
assignment of the digram-frequency effect M. 
either primary or secondary memory would à 
premature. Research currently in proin 
aims at pinpointing the elusive locus of th 
digram-frequency effect. 
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Four experiments are reported 
differing degrees of pleasantness 


with P-paired syllables wi 
geneous lists only when affe 
pairing. But with mixed list 
both with and without prior 
paired syllables in mixed lists W 
advantage in homogeneous 
was of a lesser magnitude. 


А large 


n s of experi =- have 
emonstr. umber of experiments have 


аге pair пеар that when neutral stimuli 
the itin 3 with positively affective stimuli, 
њи pimus will increase n judged 

Neaning ss (PL) or positive evaluative 
9404 is (e.g., Razran, 1938a, 1938b, 
taats c 1956; Staats & Staats, 1957; 
1963) , ps & Biggs 1958; Yavuz, 
Pairing b. first demonstration that such 
аги с enhance. performance ina 
Versten | cd. made in experiments by 

| бат q 966) and Silverstein and 
evel of - (1964), who found a heightened 
(PA) , Performance in a paired-associate 
that earning task for nonsense syllables 
been paired with 


лад 
Pleaga, 
Wi » 
compared 
been 


previously 
ү (P) photographs, а5 
Yllables that had previously 
и indifferent (1) photographs. 
re Aud à epe that the P-paired syllables 
Paired ged to be more pleasant than the 

syllables.’ 
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he exclusive use of male Ss in our other 


in which nonsense 
(PL) by being paired with either pleasant 


> odis n 
(P) or indifferent (I) pictures and were 
associate lists that were either homogene 
superior to that with I-paired syll 
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syllables first acquired 


then learned as responses in paired- 
ous or mixed in PL. Performance 
ables in homo- 


d during the syllable-picture 
ables was superior 
'The advantage of the P- 
ly in response learning, while that 
ly in association learning and 


In the experiments of Silverstein (1966) 
and Silverstein and McCreary (1964), all 
Ss learned a first list that contained both 
P and 1 pictures and a second list that 
contained both P-paired and ]-paired syl- 
lables. In order to separate the mechanism 
by which the transfer of PL took place 
from the mechanism by which acquired 
operated on the learning of the syllables, 
it is necessary to discover whether a mixed 
list is necessary in the first and/or second 
task in order to obtain the superiority in 
speed of learning the P-paired syllables. 
The experiments reported in this paper 
mixed- versus homogeneous-list 
issue, while keeping the other conditions 0 
research as comparable as possible to the 
previously cited experiments. In Exp: 
and II, both the first and second lists were 


homogeneous with regard to PL. In Exp. 
d in the 


ILI, affective contrast was isolate! 
first list by having Ss learn a first list that 
was mixed with regard to picture PL and à 
second list in which only the P-paired or 
the I-paired syllables were learned. In 
Exp. IV, affective selectivity was isolate 
in the second list by first giving Ss а list 
in which either P or I pictures were learne 
as responses to the syllables and then pre 
senting these syllables along with an equa 
number of nonpaired syllables in the secon 
PA list. 

LPL e periments while the nature of this 
being investigated. These results 
bsequent paper. 


pursue the 


acquired- 
difference was 
will be reported in a su 


EXPERIMENTS | AND II 


In both experiments, experimental Ss 
first learned a PA list in which all the 
response terms were either P or I pictures 
and then learned a second PA list in which 
the syllables used as the prior stimulus 
terms became the responses for two-digit 
numbers. In Exp. I, both lists contained 
eight pairs in order to replicate all other 
details of a previous mixed-list experiment 
that had used the same 5 and photograph 
pools (Silverstein, 1966). Experiment II 
used only six pairs in each of the lists 
learned in order to replicate the second-list 
conditions of Exp. II] and to make certain 
that any differences found in the results of 
Exp. I and III were not merely the conse- 
quence of the latter using shorter lists, 
Exposure-control groups in both experi- 
ments first rated the syllables’ meaningful- 
ness for a number of trials equal to the 
experimental groups’ PA task before learn- 
ing the syllables as responses to the 
numbers. These control Ss established a 
base line of performance against which to 
evaluate the performance of the groups 
learning the I-paired syllables. The latter 
groups, in turn, indicated the level of 
performance that results from previously 
having learned the responses of a list as 
stimuli for terms of minimal PL value and 
established a base line against which to 
compare the performance of the groups 
learning the P-paired syllables, 


Method.—In all 


[ details except list length, the 
details of. Exp. I and II were identical. A total of 
48 male Ss in Exp. I and 72 male in Exp. II 


were recruited from introductory Psychology cla: 


es 
and randomly Assigned to one of three Task 1 
conditions: Pairing of syllables with pleasant 


pictures (EP), pairing of syllables with indifferent 
pictures (ED, and familiarization with syllables 
by successive katingsttiale;(C). “The ists task in the 
two experimental conditions (EP and EI) was to 
learn to respond with his own short label for the 
correct photograph when he saw each syllable. 
Learning was carried to a criterion of two successive 
perfect trials.4 Control Ss were told to rate each 
syllable for its meaningfulness when it appeared. 
4 Half of the Ss in each condition of Exp. II were 
run to a criterion of one perfect recitation, to make 
their training equal to that of Ss in Exp. III. Since 
no differences in List 2 performance were found 
between these subgroups, their data were pooled, 
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Each control 5 was given the same number of rating 
trials as the prior S in the EI condition. The 
second task for all Ss was learning the List 1 syllabi 
as responses to two-digit numbers to a criterion of a 
perfect trial or for 10 trials, whichever took longer. 
Finally, cach 5 was instructed to rate the syllables 
for PL. 4 

Тће Р апа 1 photographs were selected from 5 
pool of 105 whose PL had been rated by an TS 
dependent group of 85 male Ss from the d 
population on a 9-point thermometer-type_ sca 5 
The ranges for the ratings of the P and I pe 
уеге 6.82 to 7.65 and 4.80 to 5.10, respective у 
The syllables came from the 24% to 53% Атон 
(1960) values Гог meaningfulness, while the numbers 
were among the lowest meaningful in Battig алы 
Spera's (1962) list. Both syllables and numbers 
were of low intrali similarity. АП stimuli werg 
presented by Kodak Carousel automatic slide pis 
jector for 3 sec. in both PA lists, with a ms 
intertrial interval. For control Ss, a blank "e 
appeared for 5 sec. following each syllable in th 
rating task. In each PA list, an equal number E 
55 were given each of the four randomly determin 
orders of presentation on the first trial of each list 


= А 4 ^| usiotn 
Experiment II was begun following the conclus! 
of Exp. I. 


Results and discussion.- -Table 1, below; 
shows the means of major results. ЈЕ 
сап be seen that there were virtually nO 
differences between the EP and El groups 
in trials to a perfect recitation for either 
List 1 or List 2 in both experiments. №! 
were there any differences between thesi 
two groups in either the response-learning 
stage (trials to first response, correct on 
not) or the association-learning stage 
(trials from first response to first correct 
response; see Underwood & Schulz, 1960). 
On the other hand, the control group 
appears to have done slightly worse 1? 
Task 2 for both experiments, An analysis 
of variance was performed on the data OF 
both experiments for number of correct 
responses in 10 trials on the second list. 
The value of F (1, 114) associated with list 
length was 3.95, which is significant at the 
-05 level, but must be interpreted cautiously 
since the two experiments were not run 
concurrently. Тће F for Task 1 conditions 
(2, 114) was 2.08, which is not significant; 
Dor was there any significant interaction 
between Task 1 and list length. However, 
that portion of the Task 1 mean square 
associated with the experimental versus 
Control group difference was significant: 
F (1, 114) = 3.98, p «.05. For the data 
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TABLE 1 
MEANS or MAJOR STATISTICS IN EXPERIMENTS I AND П 
Exp. Ех] 
Sidus m | xp. I Exp. П 
n —— —— S Ба ЕР EI с ЕР ЕІ с 
List 5 to criterion 10.5 5 
5 to criteri ).50 10.56 — 7.67 7.71 a 
Tria пе чок. 9.56 10.50 12.38 706 500 9.72 
rial “Козе: earning M 3 3. 344 
PL Is association learning 102 S 5% 30 
igs р ў 499. .82 
+ 1. 432 4.20 


БЕБЕ па conditions а 
es; and С = familiarization wi 


оке, 
ШЕН " 
9E Exp, I 


9n just th à separate analysis was performed 


With үе syllables that had been paired 

Were Used our pictures in each list which 

Ment (Sil previousby in a mixed-list experi- 

Y аг 1966) and no superiority 

bles medo I -paired over the I-paired 
trials to criterion. 


2 learning in either experiment, 
l both experimental groups 
ate the syllables higher on PL 
E control group. Ап analysis 
Veen- i: for Exp. I showed a significant 
j оша effect: F (2,45) = 415 Р 
du hogonal analyses on the ratings 
poo as only the difference. between 
( tol Bro experimental groups and the 
be S e id approached significance, n 
T Ween-urg ‚р < .10. For Exp. П, the 
RU A0 gi Een effect fell between the .05 
D did 4 gnificance levels, F (2, 69) = 2.78, 
1 grou ie difference between the EP and 
Ара rn F (1,46) = 3.79. Since the PL 
Ments к tained from Ss in these experi- 
the ба contaminated by prior learning 
Eroups ~ ables in List 2, two additional 
по 12 58 меге гип in the EP and El 
the pn List 1 and then asked to rate 
“Nice ail bles’ PL. Once again, the differ- 
RI Si ed to reach significance, EP 4.84, 

TR ddl 1 03) = 1.20, p > 20. 
Же ea demonstrated that 
the тыз of affective contrast from both 
Г ur ye COREL HORE list and the 
Ypical ance-test list will eliminate the 
5У Ат superiority of P-paired over I-paired 
es in both learning and rated PL. 


ar 


l= pairing of syllableswith 


Since the typical superiority of first-list 
learning for P over 1 pictures (whose 
affective values are established preexperi- 
mentally) was also absent in these experi- 
ments, it seemed probable that affective 
contrast during performance is a necessary 
condition for the superiority of learning P 
responses. This hypothesis was tested in 
Exp. 11, in which Ss learned a first list 
that was mixed with regard to picture PL 
and a second list in which only the P-paired 
or the I-paired syllables were used. 


EXPERIMENT IlI 


Method.—V ifty male Ss were recruited from 
introductory psychology classes and randomly 
аР or an 1 condition. In the 


assigned either to 
first list, all Ss learned 12 pairs of у 
pictures to à criterion of one perfect rec dh 
the pictures being those used in the EP condition 
of Exp. Il and half being those used in the 

condition. This longer list was necessary because 
only half of its syllables were to be used for the 
second list, and the less stringent criterion was 
necessary because of the longer time needed 10 
learn the longer list. In List 2, cach 5 learned either 
the six P-paired or the six l-paired syllables as 
o two-digit numbers to à criterion of à 
1 ог for six trials, whichever took longer- 
reach criterion within 
Within both groups, 


responses t 
perfect tria! 
One S in each group failed to 
16 trials and was replaced. 

an equal number of Ss was randomly assigned to 
cach of four different syllable-picture pairings, such 
that each syllable was equally often P- and I-paired i 
Ss were successively assigned to each of. four 
random orders of presentation for the first trial of 
both lists. In all other details, the method was 


identical to that of Exp. II. 


Results and discussion.— That the two 
groups of Ss were of equal learning ability 
was shown by the cal means 11 


nearly identi 
trials to criterion for List 1,P = 9.15 versus 
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I = 9.81, ¢ (54) « 1. Both groups learned 
the P pictures significantly faster than the 
I pictures, the superiorities in percentage- 
correct responses being 8.8% for Group P, 
t (27) = 3.76, p < .01, and 6.9% for Group 
I, £ (27) = 3.09, р < .01. 

While the performance of the P group in 
List 2 was somewhat superior to that of the 
I group, as measured by trials to criterion 
(6.52 vs. 8.11), this difference was only 
marginally significant, ¢ (54) = 1.81, .05 
< p < 10. Closer analyses revealed that 
there was no difference between the two 
groups in trials to complete response learn- 
ing (P = 3.46 уз. 1 = 3.51,1 < 1) but that 
Group P showed significant superiorities 
in both trials to complete association learn- 
Ing (P —.19 vs, I — .70 trials, # = 2.04, 
P < .05) and percentage correct following 
first correct response (Р = 91.1 vs. I 
= 83.2, # = 2.55, p < .02). In addition, 
Group P showed both a significantly smaller 
rate of intralist errors than Group I (31.16; 
vs. 45.9%, = 2.14, b < .05) and a signifi- 
cantly higher PL rating for the syllables 
following the conclusion of learning (4.97 
vs. 4.11, = 2.44, р < .02). 

Contrary to the hypothesis, the results 
of this experiment point strongly to the 
conclusion that, provided affective contrast 
is present in the affective-conditioning list, 
P-paired syllables will be learned more 
rapidly and judged more PL than I-paired 
Syllables even though affective contrast is 
absent in the performance-test list. But it 
should be noted that the pattern of results 
obtained in Exp. II is unlike that obtained 
in studies using mixed lists for both tasks 
(Silverstein, 1966). In the present experi- 
ment, the Superiority of the P-paired 
syllables was smaller than that found in 
mixed second lists, and its locus was shifted 
from being predominantly based 
response learning to later in the lea 
sequence, i.e., to faster 
tion learning. Moreover, Ss in this experi- 
ment showed greater confusion of the 
I- than the P-paired Syllables, a tendency 
not found in mixed-second-list experiments, 


upon 
rning 
and firmer associa- 


EXPERIMENT IV 
Тће preceding experiments have shown 
that while the acquired-affect phenomenon 
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is eliminated by making both the first and | 
second lists homogeneous, a small effect 
of acquired PL can be obtained when only 
List 1 contains both P and I items for 
each S. The next step was to determine 
whether a first list which is homogeneo 
with regard to PL and a second list which 
is heterogeneous will produce a superiori 
of P-paired over l-paired syllables. In E. 
concurrent experiments, IV-A and IV- i 
Ss learned a first list of six pictures, аш] 
homogeneously P or homogeneously 1, k 
responses to syllables and were then give! 
these syllables along with six попрап ш 
syllables in the second PA list as херои 
to the two-digit numbers. In Exp. IV-A; 
the nonpaired syllables were new ми | 
while in Exp. IV-B S received {атаа 
zation trials with the nonpaired syllable 
between the learning of the two lists. 
Method.—Sixty-four male Ss were recruited fron 
introductory Psychology classes and assigne 
randomly to the P and 1 conditions of either E : 
IV-A or IV-B. In List 1, Ss received either the Ў 2 
Р or the six I pictures used in p. П as response 
to the syllables. Each ХУ received a random? 
determined half of the 12 syllables used in Exp." 
for List 1 and the other half as the попрате е 
syllables. For each set of syllables used, there ЊЕ 
two different pairings with the pictures, such t^ 
each syllable was paired equally often with “ш 
ог І picture. In the second list, there were t" 


TABLE 2 
NS OF Major STATISTICS IN 


ExrERIMENTS IV-A ахр IV-B 
P Group I Group 
paa 
— Non 
Statistic КЕ, Paired paired 
sylla- 
bles 
Exp. IV-A 
2943 | — 0.56 
35.88 | 31.69 3048 
ning | 4.54 5.20 169 
association learning .61 1.02 3,00 
Response recall: no. correct] 3,88 | 313 3.51 
PL ratings 4.30 | 3:08 E 
Exp. IV-B 
[ist 12 no. correct in 8 trials | 28.50 | — | 23.88 34.63 
List 2 correct in 12 ti 30.56 | 33.31 | 27.88 | Эте] 
Trials: response learning | 4,64 | 428 НЕР 
Trials:associationlearning| 1:11 | 119 HS | ase 
p Ponse recall: no. correct| 3.13 | 363 | 2. 8 | 40 
PL ratings 3.94 | 414 | 39 
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| diffe 
rent syll; P 
t syllable-number pairings, such that each 


number was бај 
ronpaired syllable.. equally often with a paired or 
5 Ss were run for 8 trials on List 1 and 12 trials 
in Exp. IV-A went directly from 
ning, while Ss in Exp. IV-B were 
Mu tion trials between the two 
о gach syllable appeared for 5 sec., 
Page of а 5 ms difficulty of learning” on a separate 
task Nus с booklet. _ The total time for this 
Presentation we Four different random orders of 
amiliarizatic were used for both List 1 and the 
used for | A on task and three random orders were 
Order ; Hist 2, with < 
гше 


E s assigned successively to each 
etails tite as treatment condition. In all other 
method was identical to that of Exp. I. 


Results r 

bei able 2 shows the major results 
Correct ee, The number of 
the p... esponses in List 2 was higher for 
OWer etg than for the new syllables but 
lables d e I-paired than the new syl- 
Syllables 0: IV-A. When the nonpaired 
IV. паа been familiarized (Exp. 
and ^ је: with them improved 
e огай, mance with the paired syllables 
Which fe ed in both the P and 1 conditions, 
tru surprising since the familiariza- 
earning S occurred just prior to List 2 
Congruen | But the results of Exp. IV-B are 
dense Men those of IV-A, since the 
Nuch si 2 of the nonpaired syllables was 
Чоп, naller in the P than in the I condi- 
гува В overall analysis of variance 
On] Ше по significant effects, however, and 
Baier ну between paired versus 
аще Clog syllables and PL of the pairing 

К гаты t F (1,60) = 2.56, Р < -15. 
r a eR performed on Exp. IV-A 
ar е a significant interaction of PL 
~ Па versus nonpairing : F (1, 30) 
9n the’ b < .02. Correlated-means / tests 
Produc Paired versus nonpaired differences 
the p atl Marginally reliable values in both 
сор, Oe (15) = 1.80, p < .10, and the 

the к. == 2.05, p < 10. 

receding pattern was 
m. the response-learning stage. 
EA wa analysis of variance 
s увів ne pe 73 effects, a separate 
"Ehifieane = xp. IV-A again showed a 
ing mie interaction of PL and pair- 
b < gi us nonpairing, P (1, 30) — 4.19, 
the oe was not possible to analyze 
Since onl леин stage for all Ss, 
y 42 of them reached a perfect 


repeated 
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recitation by the end of training; however, 
analyses performed on the data of the 
fastest 8 Ss per condition showed no 
significant effects. To remedy this lacuna, 
each S was given either a response-recall 
test or an associative-matching test be- 
tween Trials 6 and 7 of anticipation learn- 
ing, unreinforced in both cases. Тһе 
associative-matching test produced no sig- 
nificant or substantial differences among 
any of the experimental treatments. On 
the other hand, the response-recall test 
produced a significant interaction of PL 
with pairing versus nonpairing in Exp. 
IV-A, 2 (1,14) = 6.10, Р < .05, and a 
significant superiority 


‚ for the noncondi- 
tioned (familiarized) items in Exp. IV-B, 
F (1,14) = 4.89, p < .05 


(see Table 2). 
No significant differences were found in 
the rate of misplaced responses in the 
various conditions. 
The PL ratings for the syllables following 
List 2 learning produced only one significant 
difference, that between P-paired and 
nonpaired syllables in Exp. IV-A, t (15) 
= 3.01, p < .01. 
These data make 


it clear that affective 
contrast during the acquisition of PL by 
nonsense syllables is not a necessary 
condition for those syllables to show a 
subsequent superiority over neutral syl- 
lables in a mixed list. This was particularly 
clear in Exp. IV-A, where the beneficial 
effects of acquired PL were not pitted 
against recent familiarization. Postexperi- 
mental interviews revealed that Ss gener- 
ally adopted a strategy of attempting to 
learn first those syllables that had not been 
part of a prior learning task (Battig, Allen, 
& Jensen, 1965), a strategy which was 
aided by the familiarization trials given 1n 


Exp. IV-B. 


GENERAL DISCUSSION 

n be drawn 
The first !5 
or List 
syllables 
]-paired 


Two empirical generalizations са 


from the preceding experiments. 
that affective contrast in either List 1 
is a sufficient condition for P-paired 
to be learned more rapidly than 


wo different tests performed 


5 The Ss given these t f : 
а у sures, ] their data 


y on all other mea and 


comparabl 
were pooled. 


T 
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syllables. Underwood (1966, pp. 485-486) has 
argued cogently that a variable which is 
effective only in mixed-list designs operates 
by engaging Ss' momentary selection strate- 
gies, while a variable that truly alters the 
difficulty of the list will also operate when 
different values of that variable are assigned 
to separate, homogeneous lists. Following 
this argument, it would be concluded that the 
acquired-PL effect obtainable only after affec- 
tive contrast in the Syllable-picture pairings 
is based upon the P-paired items being truly 
easier to learn than the I-paired items. On the 
other hand, that acquired-PL effect which can 
be obtained with or without prior affective 
contrast is one that is based upon .Ss' selective- 
performance dispositions ("priority habits"). 

The foregoing analysis strongly suggests 
that there are two distinct mechanisms by 
Which acquired PL can operate on performance, 
опе producing a disposition for Ss to select 
P-paired over I-paired items for earlier learning 


the second 
to be drawn from 
at when an acquired PI, 
effect was obtained in a homogeneous test 
ne whose locus was ex- 
Ssociation-learning stage, 
hose effects obtained in 
ere substantially larger 
n the response- 
Ekstrand (1966) has cautioned 
that the stage analyses developed by Under- 
wood & Schulz (1960) are Sensitive to S's 
willingness to guess when he is uncertain ofa 
response and, therefore, may misrepresent the 
stages of learning, Thus, any variable that 
can affect S's confidence (e.g., intralist simi- 
larity) will artificially alter the size of the 
response-learning stage and, therefore, the 
association Stage of a PA task measured in 
this way. However, it seems unlikely that 
acquired PL would influence S's confidence 
in guessing and evidence js available from 
unpublished experiments that P-paired syl- 
lables are not judged to be easier to learn than 
I-paired syllables, Moreover, our Ss were all 
instructed to guess whenever they were not 
sure of a response and subsequent interviews 
indicated that they had followed these instruc- 
tions. Finally, it was shown in Exp. IV that 
differences found in a stage analysis were 
paralleled by differences between response- 
recall and associative-matching tests, tests 
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which were advocated by Ekstrand to measure 
the stages of learning. . 

The experiments reported here do not allow 
а definitive description of the two afore- 
mentioned mechanisms. But it is геагопав 
to hypothesize that the disposition to select 
syllables which have acquired P checa 
teristics for faster response learning than 
syllables is based upon an enhanced rate d 
implicit rehearsal of representational respon 
to them. Since it is rare that Ss will attemp 
to distribute their efforts evenly across all the 
items on a PA list from the beginning Kk: 
training, those items which S rehearses mon 
vigorously would come through the responia 
learning stage more rapidly, but would да 
necessarily be associated with their appropria 
stimuli more rapidly. On the other hand, p. 
faster association learning and reduction ЇЇ 
error tendencies for P-paired syllables [б 
їп homogeneous test lists is likely to be p 
upon their having acquired a more тела И 
Capacity to evoke images that are relevant t 
the pictures they were paired with than dn 
the I-paired syllables. This would allow sU; 
images to serve às more distinctive and efie 
tive mediators in the formation of subsequen 
associations (Paivio, 1969) in the P than in the 
I case. This conclusion is supported by О 
published data оп the nature of the associa 
tions given to P- and I-paired syllables DN 
to their being learned in a second list. Th 
formation of such distinctive associati? 
mediators for the P-paired syllables seems п 
require some form of discrimination trainin£ 
since the association-learning superiority 0 
the P-paired Syllables in homogeneous ш 
was not found without prior affective contras 
in List 1 (Exp. I and П). 

The PL ratings of the syllables showed that 
P-paired items were judged more pleasant than 
neutral items if either the first or second list 
was mixed, indicating that the transfer of PL 
to neutral items does not require affective 
contrast so long as contrast is available in the 
test of such transfer. This may be interpretes 
according to Peters’ (1935) “judgmental 
theory of feeling," which emphasized that 
affective ratings were judgments of the degree 
to which one would normally approach а 


Stimulus. Such judgments were said to require 
S's discrimination 
value from th 


contrast from both lists 


no basis for making such 
discriminative judgments. 
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EFFECT OF PARTIAL RECALL ON THE 
RANSCHBURG PHENOMENON ! 


CONNIE JO HARRIS? лхр JOHN C. JAHNKE 
Miami University 
Stimuli were strings of eight digits that contained either all-different digits 


or a digit in Serial Position (SP) 2 that was repeated in either SP 5 or 6. 
Immediate retention was measured either by a partial-recall technique that 


required 5 to omit only the digit in S 


P3 
recall. Recall was poorer for repeated th 


‚ ог by the usual method of complete 
пап corresponding control digits with 


complete recall (the Ranschburg effect, RE); however, repeated and control 
digits were equally well recalled under conditions of partial recall. These 


results are consistent with the vie 


w that conditions reducing output interference 


also reduce the inhibitory effects of intraserial repetition. 


One aspect of the Ranschburg effect 
(RE) lies in the omission or incorrect 
reproduction of a repeated element in a 
string of otherwise all-different elements 
presented for immediate recall (cf. Mc- 
Geoch, 1942), Interpretations of this effect 
have drawn attention to the influence of 
input and output processes. Among these 
interpretations, those of Obonai and Tat- 
suno (1954) and Wickelgren (1965, 1966) 
emphasize the role of input (attentional 
perceptual, and encoding) processes and 
account for the RE in terms of S's failure 
to detect or to encode appropriately the 
repeated item. First, it has been held that 
S may fail to detect the occurrence of a 
repetition within a string and may, there- 
fore, be biased against including a repeti- 
tion in recall (cf. Obonai & Tatsuno, 1954; 
Wickelgren, 1965, 1966). Second, it has 
been held that 5 may fail to recode strings 
in terms of their repetition Structure, say, 
а "run of three 25" (Wickelgren, 1965) 
and may, therefore, be less likely to emit 


the repeated items in recall аз often as he 
should. 


More recent у 
(memory and ret 
be substantial 


ork indicates that output 
rieval) Processes may also 
Contributors to the RE. 


! Based on a thesis presented by the first author 
to the faculty of Miami University in partial fulfill- 
ment of the requirements for the MA degree. This 
work was supported in part by Grant GB-8106 from 
the National Science Foundation to Miami Uni- 
versity. 

? Requests for reprints should be sent to Connie 
Jo Harris, Department of Psychology, Miami Uni- 
versity, Oxford, Ohio 45056. 
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Crowder (1968) found that when 5 M. ; 
required to include a prearranged consonan 
prefix in his recall, the probability of d 
of that letter was reduced when it yu 
occurred in the to-be-remembered ser? 
Since a repeated letter was not inclu io! 
in the stimulus series during presentati 
but was supposed to be included duri 
recall, Crowder's results were taken ш 
indicate that the inhibitory effects ‘f 
sociated with  intraserial repetition 
elements can occur during recall. 
The usual result in studies of the 


RE 
he 


is that more errors are associated with E b 
second occurrence of the repeated eleme t$ 
It is possible that interference € shat 
associated with the delayed output of пЁ | 
item contribute to this result. Consist? 
with this view are data showing a shi ‘the 
the focus of the inhibitory effect from * 
Second to the first occurrence of the е 
peated element under conditions of rever 
recall (Items 5-8 in order, followed by 


in order) of eight-letter strings (Jah? 
1969а). 


ke: 
m 
Also consistent are data i 
studies of probed recall (Jahnke, 1970) ^d 
recognition memory (Wolf & Jabn 
1968) that show performance on repe? ol 
elements at least as good as on сол | 
elements. Jf output interference m 
Tulving & Arbuckle, 1966) were an t 
portant contributor to the RE, as thes 
data Suggest, any technique that гейш, 
output interference should reduce the F5 | 

The present Study was undertaken | 
test further t 


burg phenon 


he possibility that the Капс 
лепоп may be, at least in p? 


PARTIAL RECALL AND THE RANSCHBURG PHENOMENON 


7 е: E. the retrieval procedure. 
element - igit series containing a repeated 
Not to Pun presented, 5 was required 
repeated E me first occurrence of that 
conditions wo in one of the experimental 
conditions "i was considered that such 
erence would reduce output inter- 

‚ and, thereby, lessen the magnitude 


9f the RE. 


METHOD 
cl ја Тһе 
СОВУ student: 
СЕД participated in 
| ша сашгетепї, 
rings yd AM _Procedure.—Basic stimuli were 
Numbers x it digits derived from a table of random 
Tepeateg i vith the „restriction | that no digit was 
erived iia any string. E »erimental strings were 
Tebeateq) di these by substituting the appropriate 
experi digit in the appropriate serial position. 
à si mental strings included a single repetition 
Th ngle digit, 
ty stimulus series were randomly ordered into 
Hale gp тако blocks of 28 strings (trials) each. 
ae Strings in cach block were control strings 
Strings Sated items), and half were experimental 
а single repeated item). Half of the experi- 
Strings included a repeated element in 
sitions (SPs) 2 and 5, and the other half, 
dus 6. The order of occurrence of experi- 
Was co, (E) and control (C) strings in each block 
of exp, ünterbalanced in the abba order. The order 
blog | пр nental strings was randomized within cach 
Were = four trials, The 28 strings of one block 
that К *called after instructions that emphasized 
Order тесе out loud the digits in their original 
отар] nmediately after he had heard each series 
Sther cte-Recall condition). The 28 strings of the 
Were S lock were recalled after instructions that 
Was а ак, except that they emphasized that S 
(Pare rays to omit the digit in SP 2 from his recall 
Моск Recall condition). All Ss received both 
Stimul 28 trials. Half of the Ss received the 
a EU blocks in the order complete followed by 
othe! recall (Cond. C-1 and Р-2, respectively); the 
half, partial followed by complete recall 
> P-1 and C-2, respectively). The first four 
i of each block were practice trials, and data 
"he hese were discarded. [ 
Мо B Stimuli were presented aurally by а Wollensak 
The 1500 tape recorder at the rate of 2/sec. 
inte, recorded S's oral recall, and the intertrial 
al was approximately 10 sec. 


were 24 introductory 
tending Miami University. 
the experiment to fulfill a 


psy- 


fis 


RxsuLTS AND DISCUSSION 


„тай recall.—lt will be remembered 
оцу in partial recall, S was to recall items 
the in SP 1 and SPs 3-8; accordingly, only 

Corresponding items were included in 
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the scoring of overall recall for Complete- 
Recall conditions. The proportions of 
completely correct recall (all items of a 
string recalled in their proper SPs) were 
somewhat lower for the combined experi- 
mental than control strings in the Complete- 
Recall condition (.406and .455, respectively) 
and were slightly higher for experimental 
than control strings in the Partial-Recall 
condition (.396 and .368, respectively). 
However, a two-tailed direct-difference t 
test of the difference between the Complete- 
and Partial-Recall conditions on this mea- 
sure (the completely correct recall of 
experimental relative to control strings) 
only approached significance, ¢ (23) = 1.84, 
03 « p < .10. 

Performance on critical elements.—The 
data of primary interest in the present 
study are those for the critical elements 
(repeated elements in experimental strings 
and elements occupying corresponding SPs 
in control strings). These data are pre- 
sented separately for each recall condition 
and stage of the experiment in Fig. 1 in 
the form of serial-position analyses, for 
which items were scored correct even if 
misplaced. This scoring procedure avoids 
any artifactual advantage accruing to 
experimental strings with an ordered-recall 
scoring procedure, with which transposi- 
tions of repeated items cannot be detected 
but transpositions of control items can. 
In those instances in which a repeated digit 
was misplaced in recall, it was scored to 
the nearest SP in which a repeated element 
should have been, When only one occur- 
rence of the repeated item was emitted in 
the recall of 2 & 6 strings and that occur- 
rence was misplaced midway between SPs 
2 and 6, half, at random, were scored to 
SP 2and half to SP 6. There were very few 
such instances (a total of 4) under condi- 
tions of complete recall, but a larger 
number (a total of 18) under conditions © 
partial recall. With the condition О 
partial recall, the RE can be assessed only 
at SP 5 in the 2 & 5 condition and 
in the 2 & 6 condition. "Therefore, a larger 
number of repeated elements that were 
actually emitted in recall were counted as 
errors in partial recall than in complete 
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SERIAL POSITION 


Fic. 1. 


Serial position analyses for Complete- and Partial- Recall 


conditions for each order of presentation. 


recall. The effect of this procedure is, of 
Course, to provide a conservative estimate 
of the facilitating effect of partial recall. 

Turning now to Fig. 1, it can be seen 
that for Cond. C-1 and C-2, inhibition of 
recall of repeated items relative to control 
items (the RE) was found in both 2 & 5 
and2&6 strings. This result confirms the 
RE under the usual conditions of complete 
recall. Тһе data of the Partial-recall 
conditions also generally conform to expec- 
tation. For Cond. P-1, performance on 
repeated items was the Same as on corre- 
sponding control items in 2 & 5 strings 
(absence of the RE). For this condition, 
there was some RE for 2 &6 strings, but, 
for the reason given immediately above, 
at least a part of this effect appears to be 
artifactual. Finally, for Cond. P-2, re 
peated items were recalled slightly, but 
nonsignificantly, better than corresponding 
control items in both 2 & 5 and 2 & 6 
strings. 


f 
1 


The differences between the recall à 
critical items in experimental and cont? 
strings were assessed for each recall con п 
tion separately by two-tailed Wilcot i 
matched-pairs signed-ranks tests. For t 
obvious reason that Ss in the Partial-Rec?. 
conditions were requested to omit the m 
of the critical items, data from only 880) 2 
occurrences were considered in these and. 
ses. For Cond. C-1, a significant REM: 
found for 2 & 5, 2 & 6, and combini 
experimental strings, T = 7.5, dV = id 
p< 05; 7-5, W = it, p < 01} a 
T= 25, № = 12, 5 < .01, respectively, 
Results for Cond. C-2 were similar, excea 
that the RE for 2 & 6 strings was of bord. 
line significance, T = 6,№= 11р <. ; 
T — 16, N — 12,.05 <р < .10;and 7 e. 
Neils p< 09, for the сотраг!® у 
given in the same order, For Cond. ilts 
and P-2, respectively, comparable res" 2, 
were, Т = 32, N = 11, p.05; 1 di р 
N = 12, р < .05; T = 15.5, N = 1b 


гапа T = 23.5, N = 12; T = 205, 
Thus, E ui a, Аке dh M pu .05. 
Volving pa. АЈ one of thesix comparisons in- 
E (2 s tal recall was there a significant 
doc zh str ings in Cond. P-1). However, 
of the ao above that at least part 
appears to oni 2 & 6 strings in Cond. P-1 
“рагы ЈЕ а scoring artifact. Itis possi- 
he data ra out this artifact by eliminating 
а single re rom those strings in which, when 
Was given — item was recalled, the item 
Wag in SP 4. When this was done, the 
= 11 P longer significant, 7 = 14.5, 
The i р> .05. 
ће pM provide the major result of 
Tepeated study: whereas the recall of 
Correspon x was poorer than that of 
ions of се control items under condi- 
contro] ee recall, repeated and 
Under rey were equally well recalled 
eempji nditions of partial recall, While 
ion is a result seems clear, its interpre- 
ings ess so. It is true that the present 
he inhi consistent with the notion that 
‘On on ad effects of intraserial repeti- 
g ecall are lessened under conditions 
reduce the number of items to be 


‘tout 
it and thereby reduce T 
rence 1 thereby reduce output inter 


= 
Ш 


Т, PIE ES 
5 5515 
Ex 


= О 


Ноу 
the ever, it might also be argued that 
сај M as attenuated under the Partial- 
Was e conditions simply because the task 
Теса |] BUS when S had one less item to 
Correct If this were the case, the overall 
т Се recall of all items in SPs 1 and 3-8 
be ы P-1 and P-2 should have been 
Dor than that of corresponding items in 
Bie | C-1 and C-2. To the contrary, аз 
better Suggests, overall performance was 
tial е conditions of complete than 
Ond, Pg and the difference between 
b. 5.1 and P-1 and between C-2 and 
EET Sep. approach significance, 1 (22) 
There sa .14, respectively, p > -05- 
Might | 25 yet another interpretation that 
For "x placed upon the present results. 
Offere ample, the argument might be 
рефе раб, conditions of partial recall 
We to learn that some strings 
mor NES EX Хо the anonymous consulting 

Nts have te this suggestion and whose com- 

oved this report. 
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contain repeated elements and that the 
first occurrence of the repeated elements is 
always in SP 2, the item that is to be 
omitted in recall. Under these circum- 
stances, S might be expected to set himself 
to listen for repetition during stimulus 
presentation and to be sure to include the 
repeated element in his recall. Thus, the 
RE would be lessened, if not eliminated, 
in this condition. This sort of interpre- 
tation focuses heavily upon the role of 
input processes and is, of course, opposed 
to the line of thought outlined in the first 
section of this paper. However, if Ss who 
received partial recall in the first half of 
the session were to have adopted the 
processing strategy suggested Бу this 
“input” interpretation, performance on 
repeated items should have been improved 
in the second half of the session, which was 
tions for complete recall. 
1 gave no evidence for 
such an effect. There was a significant RE 
in each of the Complete-Recall conditions, 
and their magnitudes were not significantly 
different, / (23) = .19, p > .20. 

Finally, the argument could be made that 
Ss selectively ignore the element in SP 2 
during list presentation ; therefore, experi- 


mental strings become functionally equiv- 
alent to control strings. Postexperimental 


questioning of each 5 disclosed that some 
Ss apparently found it "hard to forget" the 
item in SP 2. On the other hand, about 
half of the Ss reported attempting tO 
"ignore" the item in SP 2 during presen- 
tation. Even these Ss, however, reporte 
that the attempt to ignore the item took 
“effort” or "time" or that they tried to 
"concentrate оп” ог “think about” leaving 
out that item. Such comments suggest 
that it was unlikely that the critical item 
was not registered in memory. j 

The present study is the logical inverse 
of the study by Crowder (1968), 10 which 
repetitions were not included 12 the 


stimulus series during present 
S in his recai 


given under instruc 
The data of Fig. 


were to be 


These conditions 
tput) resulted л 
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present study (redundancy at input, no 
redundancy at output) resulted in no 
relative gain or loss of the elements repeated 
in presentation but not in recall. The 
considerations outlined here predispose us 
to the suggestion made initially that the 
inhibitory effects associated with intra- 
serial repetition of elements are, at least 
in part, a result of interference arising from 
the act of recall. It must be recognized, 
however, that further research will be 
required to establish firmly this interpre- 
tation. Particularly desirable would be 
studies in which S was excused from 
recalling a nonrepeated item in a string 
that contained a repetition. Such a 
condition would show whether a presumed 
reduction in output interference inde- 
pendent of the repeated element itself 
would also reduce the RE. Finally, a 
boundary condition of the present study 
is the use of only two loci of repetition 
in experimental strings. Although it has 
been shown (Jahnke, 1969b) that an RE 
is obtained even when S knows th 
String presented next will have 
item, a study incorporating 
able repetition structure wo 


ful. 


at the 
a repeated 
a less predict- 
uld seem use- 
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CUED PARTIAL RECALL OF CATEGORIZED WORDS? 


TIM DONG? 


Bucknell University 


The relationship between category recall 
investigated in whole- and part-list recall conditions. 


and within-category recall was 
On the basis of post- 


stimulus cuing, Ss were required to recall from all the categories or from a 


randomly selected single category of the categorized word 


Within- 


category recall was compared for whole- and part-list conditions; the results 
of the two experiments showed that partial recall produced greater within- 


category recall. 
effect in a situation controlli 


revealed that the partial recall effect (а) wa 


Experiment Il exten 
ng for nominal recall time. 


ded the generality of the partial recall 


Experiment II further 
5 limited to the first category cued 


and (b) occurred with categorically blocked input and not with random word 
input. This study points out the importance of retrieval factors in recall as 
well as suggesting a method which may be useful in studying within-category 


recall. 


SER studies of recall of categorized 
recall T have shown the independence of 
mi categories and recall of category 
Invarian Cohen (1966) reported the 
а of the mean number of words 
Bons. from a category over many vari- 
exam жрт conditions. For 
Eo. e, Cohen found that given a constant 
imber of items per category at input, 
Lore remember more total words as 
fone ih increased from 5 to 10 to 15 cate- 
Words However, this increase in total 
the $ recalled reflected. the increase 1n 
Коё of categories recalled; the 
im и sa of words per recalled category 
4 pa amant over the three list lengths. 
ated (С and Pearlstone (1966) substanti- 
engil ohen’s findings with different list 
SOS and numbers of items per category 
SEO оч In addition, they alee 
called that mean words per category m 
and was invariant over conditions of cued 
noncued recall. Tulving and Pearl- 


аты; 
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Versi 


stone showed that total recall can be sub- 
stantially increased by providing the list 
category names as cues during recall. The 
increase in words recalled in the cued con- 
dition was due to an increase in the number 
of categories recalled ; the mean number of 
words per category recalled was not dif- 
ferent between cued and noncued recall 
conditions. 

Tulving (Tulving, 1968; Tulving & 
Pearlstone, 1966) has suggested that the 
invariance of within-category recall indi- 
cates two processes in the recall of organi- 
zed information: (a) higher order units are 
recalled, апа (b) information from within 
the higher order unit is recalled ; these two 
processes are independent. Thus mean 
number of words per category recalle 
(within higher order unit recall) should not 
be influenced by such variables as list 
length which presumably affect category 
recall (higher order unit recall). Tulving's 
hypothesis is based on studies which have 
used recall of whole word lists. | 

The present study used а method s 
poststimulus cuing of partial reci 
investigate within-category recall. mod 
basic procedure of the partial recall eri (9 
involves showing S a categorized Wd ma 
with instructions to expect recall к sus 
entire word list. At recall, howeve M 
cued to recall from a single randomly с С 
category only. Thus, individual categ 
can be considered in rec 


all without reg 
to the other categories of the list. 
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number of words per category recalled of 
the Ss in the partial recall condition can 
then be compared with the mean number of 
words per category recalled of Ss in the 
whole-list recall conditions. 

The specific purpose of the experiments 
presented here was to study the effects of 
part-list recall on the category and within- 
category recall relationship. If the recall of 
а category means that the contents of the 
category are maximally accessible, then 
there should be no difference in the mean 
number of words per category recalled re- 
gardless of part- or whole-list recall con- 
ditions. However, if partial recall is better 
than whole-list recall, this would indicate 
that within-category recall can be en- 
hanced independently of category recall. 


EXPERIMENT I 
Method. 


Subjects—The 45 Ss were introductory psy- 
chology students at the University of California, 
Riverside, who served for class credit, The Ss were 
randomly assigned to the experimental conditions; 
the assignments were such that the » for any group 
did not differ by more than 1 S from any other 
group at any point in time. 

Word list.—The word list contained 100 words, 
each from 10 different word categories, The word 
categories were obtained from the Connecticut 
Norms (Cohen, Bousfield, & Whitmarsh, 1957); the 
categories chosen were judged by E to be nonover- 
lapping and to meet the criterion of having 10 words 
with taxonomic frequencies within the range of 9 to 
100. Тће mean frequency of the words was 34.6 
with a standard deviation of 21.3. The words were 
typed in capitals on 4 X біп. index cards. 

Procedure.—The Ss Were tested in groups of no 
more than three Persons. The E read instructions 
which explained the free recall method and the 
general experimental procedure to Ss before word 
list presentation. The instructions did not reveal 
the categorized nature of the words, 
words, or the existence i 
conditions. The E then manu; 
words to Ss at a practiced ra 
The Ss saw three different га 
words in succession; the word огде, 


for all .Ss. t presentation, Ss 


ull ictions which were 
specific to each recall condition. Thusan interval of 


30 sec. of instruction reading intervened between 
the end of stimulus presentation and the beginning 
of recall. The Ss had 15 min. for written recall. 

Three groups of Ss were distinguished from each 
other on the basis of the type of poststimulus in- 
structions given just before recall. The Noncued 


TIM DONG 


Recall group was given standard free recall instruc- | 


tions; the Cued Recall group was given a list of ш 
category names and was instructed to use the name 
as aids in recall; the category names were always 
available during recall. The Partial Recall fan 
dition was instructed to recall only from a an 
specified category out of the 10 categories of ial 
word list. The category from which any one Расни 
Recall S recalled was chosen randomly ; each E. 
10 categories were sampled at least once. Dr 
categories were sampled twice in order to ассо! 
modate the 15 Partial Recall .Ss. 


Results and Discussion 


The most important aspect of the data e 
the within-category results. The mea! 
number of words per category recalled rd 
the Noncued Recall group was 6.45; for t E 
Cued Recall condition it was 6.70, and E 
the Cued Partial Recall condition it ма 
8.53. Mean number of words per category 
recalled was obtained by dividing the tot@ 
number of words recalled by the number а 
different categories represented by t" 
words recalled. In the Partial Recall com 
dition, the mean number of words per сай 
вогу recalled was based on the single cate 
gory each S had to recall. The difference 
between the means was statistically. E 
liable, F (2, 42) = 10.16, p < .001. The 
superior recall of the Partial Recall con 
dition shows that within-category recall ¥ 
greater if S recalls from part of a word In 
instead of from the whole word list. Th! 
Outcome is contrary to the hypothesi 
Which suggests that within higher ordef 
unit recall is independent of higher orde! 
unit recall. Within-category recall can 
increased beyond what is normally 16 
called in a whole-list recall situation PY 
asking for partial recall. d 

The two whole-list recall conditions аб 
not differ in total words recalled or in the 
number of categories recalled. Тће mean 
total words recalled was 63.47 and 67.00) 
while the mean number of categories герге: 
sented by the recalled words was 9.80 Ww 
10.00 for the Noncued Recall and the Cue 
Recall groups, respectively. The presenc? 
of category names as recall cues for the 
Cued Recall condition was ineffective 1” 
increasing recall beyond that of the n 
cued Recall condition. The three pre 
sentations of the word list and the 10 item 


3 
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рег categor: 

уу may have produced over- 

availakility oon ae names; thus the 

i oe s category names as cues was 

ditions. the 21: whole-list recall con- 

for the A ond un rate of category recall 
ы and Cued Recall groups 


su 
PPorts such a view. 


EXPERIMENT ll 


ngly indicates that partial recall 
s e porn recall, a discre- 
Pus a time between the Cued 

all condition and the whole-list 


Dhances 
Рапсу 
artial 
recall 
diff, 


d coa In К addition, 
Uegory e manipulated; 
Wo mes presented either in 
and ist, the Б randomly arranged in the 
log the iten ist was presented only once, 

Уе, 15 per category were reduced 


the words of a 
cate- 


М, hog 


Des; 

тра Ty 

Cu. om) ма presentation orders (blocked 
ung conditions (NonCued Recall, 
‚ and Partial Recall) were the factors 
The Noncued Recall 
treated as in 
differed from 


and 


“а 


ar i $ 
Re the es factorial design. 
р. k sted Reeall groups were 

; he Partial Recall g 
бхр. о ces Recall group 
min © f the ji y requiring Ss to recall all 10 cate- 
tion. to recall us All 3 recall conditions had 10 
De, Маз ris words; the Partial Recall condi- 
Ma, сова mi to recalling one 5-word category 
lisp, "апдоту minute. The first category recalled 
Cho. he BA а from the 10 categories of the 
until n from the Mcd recalled. was randomly 
Sho, а e emaining 9 categories, and so forth, 
bald a ele, eogries had been cued for recall. It 
Real Касап, that the first category cued in the 
чү condi НӨН is the same as the Partial 
пој ве that in Du Exp. I, but with the important 
gore Tecalled Ан II, the nominal recall time per 
та S cued for а was equated. The order of cate- 
tched r the Partial Recall groups was 


сор р. С across the 
Nditions, he blocked and random presentation 


есап 
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of testing, 
any two groups was never more than one. 
Word list.—Vive words were drawn from each 


10-word category of Exp. I. The 50 words were 
either randomly assigned to input positions or they 
were blocked into categories which were then ran- 
domly ordered. The words were put on slides. 
Procedure.—The Ss were tested in groups of two 
or three persons. The Æ first read preliminary free 
recall instructions which were similar to those of 
Exp. I. The words were shown via slides at a 2 
sec/word rate. After word presentation, Ss read 
the instructions which differentiated the three ex- 
perimental groups. The Ss were allowed 30 sec. 
for instruction reading. The instructions were in- 
cluded in a booklet containing 10 pages of recall 
blanks. The Noncued Recall condition was simply 
given free recall instructions. The Cued Recall 
group was instructed to use the category names 
which appeared at the top of each recall page as aids 
in recall. The Partial Recall condition Ss were re- 
quired to recall from the category specified at the 
top of the recall page; each page had a different 
category name. All Ss had 10 min. for recall. As 
E counted off the minutes, Ss turned to а new page 
at the end of each minute. The Ss in the Partial 
Recall condition recalled from a different category 
on each recall page; the Ss of the whole-list recall 
conditions merely continued recall on all 10 pages. 


Results and Discussion 


The data of the Partial Recall c 
considered in two ways: (а) Per- 
first cued category will be 
nat under the whole-list 
Cued and Noncue Re- 
Partial 
nt i$ 


ondition 


will be 
formance on the 
compared with tl 
recall conditions, 
call; the first cued category of the 
this experime 


Recall condition in У 
analogous to the Partial Recall condition 
of Exp. 1. @) The performance © the 

10 cate- 


Partial Recall condition over 4" - 
be compared with the 
Table 1 pre- 


st cued 


categ call condition 
will be presented first. mean 
words per category Tec 
compared, the partial reca 

] was confirmed. Within-category reca 


M 


to the Partial Recall condition. This depres- 
sion of performance may be due to interference 
factors. Since the whole-list recall conditions 
were required to recall from more categories 
than the Partial Recall condition, the ad- 
ditional recall may have produced output 
interference. Whereas previous investigations 
of output interference (e.g., Murdock, 1963; 
Tulving & Arbuckle, 1963) have been limited 
to short-term memory situations, the present 
experiments show that output interference also 
occurs in secondary memory. The effects of 
the output interference was manifest in within- 
category recall; recall of a previous category 
reduced the amount of information recalled 
from the subsequent categories. The data of 
the successive recall of single categories in 
Exp. II suggest that output interference 
reached maximum after а single cued category. 
Smith et al. (1970), also using a successive 
category recall method, found the greatest 
within-category recall difference to occur be- 
tween the first and second categories recalled. 
Further, the output interference studies of 
Murdock (1963) and Tulving and Arbuckle 
(1963) similarly showed that the output inter- 


ference effect was limited to the output of one 
or two items. 


Instead of output in 
the whole-list recall 
type of mechanism is 
recall effect may 
tation of recall 
category recall 
Shiffrin (1968) 


processes may 
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terference depressing 
performance, a second 
plausible. The partial 
be viewed as due to facili- 
performance in the single 
conditions. Atkinson and 
have suggested that control 
enhance secondary memory 
search. "The requirement of recalling from a 
single category in the partial recall condition 
may have resulted in a more efficient memory 
search by directing the search process or by 
providing S with an explicit category from 
which to recall. Partial recall may enhance 
performance in another way; it may allow 
5 to exclude from memory the categories not 
cued, thus reducing interference from other 
items in the list (cf, Epstein, 1970). This 
would be a strategy which the whole-list recall 
conditions could not use. As with the output 
interference mechanism, the results of Exp. II 
would also place limits on the facilitation 
mechanisms. Facilitation by being the only 
category cued would be limited to the first 
category recalled. While the experimental 
results are consistent with interference and 
facilitation mechanisms, neither is dictated 
by the outcomes. It is perhaps prudent to 
consider both types of mechanisms to operate 
to produce the partial recall effect. 
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However, the partial recall effect does ena 
phasize two important aspects of human verbal 
memory. First, it helps to stress the Ши 
portant role of retrieval processes in memos 
Tulving (1969) has pointed out the value 0 
the concept of retrieval cues in accounting 
for various memory phenomena. In addition 
to retrieval cues, the present study showed E 
conditions of recall also influence the атои 
of information recalled. Second, this study 
focuses attention on within-category тебе 
Since Miller (1956) suggested the important 
of the chunk for understanding memory, mod 
attention. has been given to studying ie 
relationship among chunks (e.g., Mand P 
1967). Interest in the content of chunks 
the other hand, has been limited to showing 
that within-chunk recall is secondary to сш 
recall (Cohen, 1966; Tulving & Pearlston 
1966). Because the partial recall method сан 
specify S's recall of any particular category а 
combination of categories, it may be a use a 
technique in investigating within-categ 
recall. 
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SOME HYPOTHESES ABOUT NEGATIVE INSTANCES IN 
SINGLE-ATTRIBUTE CONCEPT ATTAINMENT ! 


STEPHEN V. HEIM anp ELLIN KOFSKY SCHOLNICK? 


University of Maryland 


Positive versus negative instances, number of binary dimensions (three vs. 
five), and the number of values changed per trial (one vs. two) were compared 
in single-attribute concept attainment. College students judged the relevance 
of each cue on each trial and received only sufficient information for solution. 
Initially, positive instance performance was superior, but it fell below negative 


instance performance by the final trial. 


Positive instance errors arose more 


often from memory deficits and from choice of irrelevant dimensions. Negative 
instance errors arose when interpreting information about present stimuli and 


the relevant dimension. 
of the task. 


Most studies of adult concept attain- 
ment use conjunctive rules where values 
from at least two dimensions must be 
present simultaneously in the stimulus, 
e.g., red and square. The greater difficulty 
in identifying conjunctive concepts with 
negative as opposed to positive instances 
has prompted several informational expla- 
nations. First, if the dimensions are not 
binary, a negative instance eliminates fewer 
hypotheses than a positive instance (Hov- 
land, 1952). If the choice is between red, 
blue, or green squares, a red negative in- 
stance leaves two possible alternatives, 
but a red positive instance leaves only one 
possibility. Even when the number of 
values eliminated with each instance is 
controlled, negative instance tasks still 
remain more difficult (Glanzer, Hutten- 
locher, & Clark, 1963; Huttenlocher, 1962, 
1964). Hence differences in information 


rate alone do not account for the divergence 
in performance, 
Second, it has 


been 
people are less acc 


suggested that 
ustomed to using nega- 


1 This article was based on a thesis submitted 
by the senior author in partial fulfillment of the 
requirements for the MA degree. The authors wish 
to thank Nancy Anderson, Thomas Turnage, and 
Janet Johnson for their suggestions, The research 
was supported in part by a grant from the Bio- 
medical Science Support Committee of the Uni- 
versity of Maryland to the Center for Language and 
Cognition and by a grant from the Computer 
Science Center, University of Maryland. 

? Requests for reprints should be sent to Ellin K. 
Scholnick, Department of Psychology, University of 
Maryland, College Park, Maryland 20742. 
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Results were interpreted through a logical analysis 


tive instances. Although practice with 
negative exemplars quickly closes the pet 
formance gap (Freibergs & Tulving, 1961) 
the closure is not complete and the data 
do not explain the source of the origina 
lack of practice. 8 

There is evidence to support a third 
possibility. Processing negative informa 
tion may require more inferential steps 
Huttenlocher (1962, 1964) divides concept 
identification into phases of dimension 
location and value specification. In both 
positive and negative instance tasks, (Пе 
learner locates the relevant dimension РУ 
finding the values which are common toa 
the stimuli he has seen. In the positive 
instance case, these values define both ш 
relevant dimension and the values on in 
With negative instances, the learner must 
convert those values of what the stimu” 
are not into positive instances by recalling 
the unseen alternatives on the relevant 4" 
mension. Young children often fail t° 
perform the final step of value locatio" 
(Scholnick, 1970). 

Finally, there are two memory 
explanations. First, in negative instance 
tasks, S eliminates hypotheses from a large 
set (Brayley, 1963; Hovland & Weis? 
1953). "The learner defines all possibilities 
and remembers all disconfirmed hypothese 
or those hypotheses which remain to. 
tested. In contrast, since the first positive 
instance defines all the hypotheses whic? 
could be correct, the burden on memory 
in positive instance tasks is less. An alter 


Joad 


' 


| 


NEGATIV 


Native 
ition ofa. load explanation advances 
& Guy, 1968), Suc, homogeneity (Bourne 
По either new: Suppose S groups stimuli 
AT conjuncti үре or positive instances. 
5 greater E concept identification, there 
lan amm tety among negative instances 
5 reg ees positive ones. If the concept 
vill Eom the negative instance class 
Чге]ев, in 208 squares and blue or red 
Situation | pedes (either, or both), 
ч and/or вс = регу If the rule is 
» blue eae red squares, red circles, 
pj, Pole zatie я phdiisve tasinmeen and 
i, Stive mid instance is blue circle. 
yq; счас (іо yas ШЕ n 
iene ‘tions w] il under negative instance 
i 5 while the reverse is the case for 


ve 


Rene: Instance 
n ances, homo- 


Si 

ing 1005 

D the | оеп Bourne, & Brown, 1955) 
i ate at which hypotheses could 


Sta 
ne, 
Meng Conce: D 

tal pt attainment. 


“а г 

tit раней required S to evaluate 

dil . the possible stimulus cues on each 
а etermine its relevance. These 


M à 

ie patted analysis of dimension and 
Perceptina errors (Scholnick, 1970) 

rk by gies inference, and memory 
lo) fene extended from the 

of Demo hill and Hovland (1960). As 

Also mory. load increased, the proportion 

ingt Crease. ры inferential errors should 
"се ЕВРЕ in the negative 


pu; METHOD 
m R concept problems were constructed 
ча опер runs sets differing in the number of 

n nary dimensions. One set was gen- 
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TABLE 1 
STIMULUS SEQUENCES IN POSITIVE INSTANCE TASKS 


Information rate 


No. of 
stimulus 
dimensions 
1 2 
3 all red circle small red circle 


all red square 
all green square 


small green square 


1 small solid red circle 


1 small solid red circle 
small solid red 


1 small solid green 
square 


2 small striped green 
squares 


Note,—For the negative instances, large stimuli were sub- 


stituted for small ones. 


r green), and size (271.0 
sq. cm. ог 899.4 sq. cm.). The five-dimension set 
contained additional variations in surface (striped or 
solid) and number of figures (one or two). 

Four inferential problems varying in rate and 
type of stimulus information were constructed from 
ach problem sequence provided sufficient 
ification of the relevant cue 
were shown. Each 
stimulus in one sequence differed from its predecessor 
By deleting alternate stimuli, the 
stimuli in the second sequence differed from their 
immediate predecessors in two values. Within 
h of these conditions, one set of stimuli, all small, 
labeled positive instances. The second set, all 
large, was labeled negative instances. Thus there 
were eight problems representing all combinations 
of two levels of complexity (5 vs. 3 bits), two 
types of instance (positive and negative), and two 
information rates (two vs. one). Hereafter each 
condition will be designated by three symbols 
listing the variables in the preceding order. 
Table 1 presents the four problems with all positive 


or square), color (red о 


in a single value. 


wa 


instances. а 
Subjects.— The Ss were 298 students enrolled in 
an introductory psychology course (mean age 


Two were eliminated for failure оп a 


20.1 уг.). 
color blindness test. Students were assigned to 
each condition according to their clas schedule. 
f 9 to 18 


Each task was administered to groups О 
depending on their availability. There was an Un 
even number of Ss per group ranging from 32 to 42 
Ss, with à minimum of 16 males and 16 females 


per group. 

Procedur 
prior to the experime 
to determine the relev: 
by using information about 


e—Each 5 performed two sample tasks 
ntal опе. In all three, S ha 
ance of a list of possible 

a sequence of 5 
a time foi 


А set of slides was projected one at efor aa 
on a screen. Each slide contained а stimu mcr 
designating W he 


either a plus or a minus sign 


the stimulus di 
While the slide was projecte 
stimulus alternatives relevan 


d or did not contain the relev: 
d, 5 labeled eac 
t or irrelevant on the 


E 
Vm 
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3-1 Conditions 3-2 
100 - 1005 
304 07 
E 804 80 
зе а н 
70 P 
= 704 
5 А | 
604 504 
ове сасе e | ах: акте 
Я 1 2 3 1 2 
Trials Trials 
Bet Conditions 5-2 
1004 1004 
30- 304 i 
> в N 80-] 
зе 
5 15 104 хр 
= P 
s04 80-7 
Ур 
у 1 2 3 4 5 1 2 3 
Trials Trials 


Fic. 1. Percent correct responses on each trial. 


basis of the information he had received. The 
following instructions, used to present the first 


sample Problem, are included as a sample of the 
procedure, 


К Each problem Will consist of a series of slides. 
The first set will be arrow. 


і 5. Thearrows will either 
point up or down or will be located on the left 
or the right. I 


t у am thinking of one of those 
attributes, pointing up, pointing down, left side 
or right side and your job is to guess which one 
itis. I will give you some information that will 
help. If the slide I present contains the one cue 
I am thinking of, a plus sign will appear, and if 
it does not contain the cue, a minus sign will 
appear. In the booklet in front of you all the 
possibilities are listed on each page. After the 
presentation of a slide, indicate whether each of 
the possibilities listed could or could not be the 
one Г am thinking of . . · Please note that the 
problem contains several slides so that you will 
have to use all the information you have received 


If 
i Я isions- 
up to that point in making your dee be 
you think that the pos: y listed E if not 
the attribute in question, print Y an 
print N. » 


oic 

After each slide, S inserted the page of o able 
into a folder so that prior choices were ney КЫ 
to S. On the first sample problem, E infort Й im 
of the logical implications of positive and nest nd 
instances and of the correct answer. On the 5 про" 
task, E supplied only the correct answer И 
completion. Both sample tasks contained a por ata! 
and a negative instance. Then the experi" ting 
task was presented. First S saw slides contra „е 
the stimulus values, then the problem slides ' not 
Presented. Information about the solution wa? 
supplied. 

Experimental design.—There were eight Е 
of Ss representing each combination of the ti e) 
variables, instance type (positive vs. пера T 
number of stimulus dimensions (three vs: (on? 
and stimulus values changing between trials 


rou p 
che? 


| 
| 
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he cells contained unequal numbers 


Vs. two). 
of Ss, 


RESULTS 


тень or the relevance of each of 
Verted into canl of the trials were con- 
on the Eu t of Correct responses 
Saw a la > [9 information supplied. If 
ance E red circle as а positive in- 
іде must ite trial, large, red, and 
nd squan 5 marked Y and small, green, 
е, N. Each deviance was counted 


“st 


пе 

rror, ~ 
Arge gre If the second instance were a 
m en circle, now only red and circle 


Ist 
A ше x and the remainder must 
Or the N. These scores were tallied 
trial, а task and each experimental 
“ntages he data were converted to per- 
?n the В Since there were more judgments 
Scores E than the three-dimension tasks. 
ШЇ v. the last trial of the sample task 
o pilifferentiate the experimental 
of ges p 1 shows the average per- 
i the eig] Correct responses on each trial 
Ne аа е it experimental tasks. Because 
Мер p> differed in the number of stimuli 
чу iad to be exposed before 5 had re- 
һу En cient information to solve the 
hes Ml only data from the last 
fa ance ty analyzed. Just one variable, 
b Се in Ype, produced a significant differ- 
x Performance, F (1, 278) = 6.11, 


[> 02, whi É А 
| "iy М hile rate апа complexity of in- 


roy I 
с 


| 
li 


Mgt 


а 
Men E and sex of S did not. Judg- 
h on accurate on the last trial 
al Itive (736 (M — 80.395) than with 
Doo More 13.690) instances. There were 
to, On th n who had identified the con- 
p; itio, е last trial in the negative instance 
| Bence 5 (49%) than in the positive 
mute qu asks, 36%, х (1) = 4.79, p < .05. 

Зе the last trial analysis is somewhat 
inge Ng. In order to analyze а wider 


оре“ Of dat L + 
Stay Contr, ata, the scores for each ol the 


Dre asting positive and negative 1n- 


condit; 
че > Le lions were compared over all 
ЧЕ In e 1 versus 3N1, 3P2 versus 3N2, 
q ets ach of the four analyses the 
Valu, ОЁ trials У 
Vacated, I 

* In three of the analyses of 


tis 

lj, пе 

Ve ; CS, Overa 5 
| е » Overall performance on the posi- 


and type of instance were 


ange, Stan E 
Neg With ce tasks was equal to perform- 
negative instances, but in the 
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5-2 comparison, performance with positive 
instances was more accurate, F (1, 67) 
— 7.62, p « .01. In each condition, the 
course of performance with negative in- 
stances differed from performance with 
positive instances (p < .01). The trial-by- 
instance Е ratios for the 3-1, 3-2, 5-1, and 
5-2 conditions were, respectively, F (2, 148) 
= 7.18; F (1, 74) = 9.25; F (4, 284) 
— 15.34; and F (2, 134) — 9.41. Perform- 
ance on the initial trial with positive in- 
stances was almost perfect and significantly 
better than negative instance scores. But 
performance on positive instance tasks 
declined over trials, while negative instance 


remained constant except in 


performance 
it, too, declined. 


the 3N1 condition, where 
Dimensional relevance.—Two different 
error analyses were performed to determine 
the factors contributing to performance. 
Errors were first categorized by dimen- 
sional relevance. lf all the information 5 
received enabled him to label the dimen- 
sion irrelevant, but .S did not, irrelevant 
dimension errors were scored. Conversely, 
if S labeled a dimension irrelevant when 
there was no information to justify its 
exclusion, relevant dimension or value 
location errors were scored. For example, 
after presentation of two positive exem- 
plars, small red circle and small red square, 
misjudgments about the form dimension 
were scored irrelevant dimension errors 
and mistakes on the remaining dimensions 
were called relevant dimension errors. 
Errors were summed across all trials for 
all Ss within a specific experimental task. 
Since there were differential opportunities 
for making each type of error, the total 
was divided by the number of opportuni- 
Table 2 presents the resulting per- 
centages. Tests of the significance of the 
differences between percentages (McNemar, 
1962) were carried out between groups who 
differed on instance type. In each com- 
parison, there was à higher percentage 0 
relevant dimension errors when negat us 
ances were presented (p< .001) 2n 
a greater percentage of irrelevant de 
sion errors with positive instances e<. i 
except in the 5-2 task. Within e 
every positive instance condition pro u 


ties. 


inst 
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Conditions 3-2 


40 


Trials 


Conditions 


3-1 
407 OP -Other 
© P -Size 
O N -Otlier 
30 ® N-Sizæ 
= A 
E 
5 
= ш 
0 
1 2 3 
Trials 
5-1 
40 
тд 30 
Š 
a 
» o» 
5 
5 
= 00 
0 
Trials 
Fic, 2. 


higher percentages of irrelevant than rele- 
vant dimension errors (b < .001) In 
the negative instance tasks, there were no 


TABLE 2 
Comparison or 


ZRROR Ratios wrrH Posrri 


5 AND 
NEGATIVE INsrANCES ву RELEVANCE 
Cond, 
Error 
3-1 5-1 3-2 5-2 

Relevant 

Р 4.9 3.0 3.3 А 

М 11.9 18.9 14.4 27.2 

E —3.72* | —11.49* —5.06* | —12.81* 
Irrelevant 
"P 32.8 21.6 | 304 30.2 

N 18.2 16.0 16.1 30.6 

z +3.59* +2.73* | +2.88* "2 
«Each analysis contrüsts the percentages of errors over 


"a. ‘opportuni es for positive versus negative instance con- 
ditions. 
жр 4.01. 


| 
и 
| 
[ 
Trials 
Error ratios for size and other dimensions on cach trial. 


wO 
significant differences between the à i 
error categories except in the 3N1 C rof 
tion, where irrelevant dimension © 
predominated. «4 ре 
These data explain the decline in Pine 
formance with positive instances ап nce 
stability of negative instance perform ug 
The later the trial, the more hypot?! nt 
must be eliminated and the more геге 
dimension errors contribute to perform?” ue 
On the first trial, S can eliminate one МЕ ој 
on each dimension but no dimension it i 
On the last trial of the 5-1 task, fou" pe 
mensions or four-fifths of the errors Mio 15* 
contributed by the irrelevant {теп ое 
In the positive instance conditions, W ant 
irrelevant dimensions exceeded y гё 
errors, irrelevant errors contributed Dt 
and more to performance, In the neg we 
instance cases, where errors from the ple: 
sources were equal, performance was st 
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Eu irelevant dimension errors can- 
rinra ме ай ти de trial and 
varied Wi i npe 1с dimension errors 
Rives Kn "d among the trials, learning 
a нар j ie difficult to assess. Instead, 
oped, id сону system was devel- 
gorized ыы 2 presents the errors cate- 
тащ size, the predesignated relevant 
vill Coi аны by those dimensions which 
informati ually become irrelevant as more 
number dii E received. дв before, the 
to Ernst SM committed was weighted 
ог init the number of opportunities 
Variance Чине errors. Eight analyses of 
апа E performed contrasting trial 
he trial (cs gated within a given task. 
\гее of ү, 9218 меге reported earlier. In 
tions 3-2 е four positive instance condi- 
less ine 2, 5-1, and 5-2, size errors were 
the es у produced than errors in 
three category. The F ratios for the 
(1, dus пш were, respectively, F 
F (1 б 8.92, F (1, 124) = 35.95, and 
тоге E 8) = 3040, р < .01. While size 
ach ee aii constant across ee in 
Portion of а instance condit he 
Пепе erroneous responses 0 | ibo e 
the ons increased on each trial; hence 
ingly 5 diverged increas- 
Ca. 4 On later trials. The four significant 
3, SOry X Trial interaction effects in the 


two e B 
VO error categorie 


F (2 ~2, 5-1, and 5-2 conditions were, 
(а (3, 66) = 12.88; Р (1, 41) = 25.94; Р 
S 124) = 15.81; Р (2, 68) = 10.25, Р 
“а In the negative instance tasks, 
Dro error category produced the same 


bo " 
гер ОГЧоп of errors and the error rate 


maj 
ne " 
no ed constant across trials. 


е "NC 
int, "tory errors, —Errors were also divided 


Cat conceptual, inference, and memory 
Wher tes. A perceptual егеде occurred 


bu, the ; 
ut e cue was present on a given tria 


| the sé iei information al »out it. 
ut g Positive instance was а small circle, 
а ре. Eed small or circle to be irrelevant, 
Val 16 “ptual error was scored. When a 
9n EAS absent from the stimulus figure 
ie trial, but its relevance could be 
мы from a value which was present, 
rors et judgments were scored inference 
"eleva Designating large or square аз 

nt constituted an inference error. 
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TABLE 3 


COMPARISON OF ERROR Ratios WITH POSITIVE 


AND GATIVE.—. INSTANCES— PERCEPTUAL, 
MEMORY, AND INFERENCE DATA 
Cond. 
Error 
3-1 5-1 3-2 5-2 
Perceptual 
р 54 1.8 48 1.6 
N 8.7 17.9 10.8 23.2 
s —145 | —691* | —2.12* —11.53* 
Inference 
> 6.5 8.1 4.8 5.5 
N 16.3 17.9 14.7 24.8 
s — 3,67 | —5.58* | —3.40* | —8.08* 
Memory 
P 41.6 47.6 52.4 
N 18.3 26.5 41.2 
s +6.91* | +2.67* | +2.18* 


the percentages of errors over 
s for positive versus negative instance con- 


a Each anal 
error opportunit 
ditions. 

y * 


p <.05 


Finally, a memory error involved a de- 
cision which had to consider previously 
shown stimuli in order to be correct because 
the stimulus on the present trial differed on 
a dimension from preceding stimuli. When 
a small square followed a small circle, 5 
must eliminate both forms on the second 
trial since both cannot be relevant. 
Table 3 presents the percentages of e 
error type which were computed and com- 
pared in the same manner as the relevant- 
irrelevant analysis. Only contrasts in in- 
stance type produced consistently signifi- 
cant differences. There were more per- 
ceptual and inference errors with negative 
than with positive instances in three of the 
four comparisons. Conversely, in all tasks, 
memory errors were higher with positive 
than with negative examples. Memory 
errors contributed most to the total error 
scores since their frequency was greater 
than the other two categories in all but the 
3N1 condition. Trial analyses were not 
possible since memory errors cannot occur 


on the first trial. 


ach 


DISCUSSION 
negative plar 
memory th E 
then the perf 


If processing 
greater burden on 
positive instances, 
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between negative and positive instance tasks 
should widen as the number of irrelevant di- 
mensions increases or as the number of 
stimulus values which change between trials 
increases. But these predictions were not 
confirmed. Neither rate of change nor task 
complexity affected performance, but the 
third variable, information type, produced 
differences in accuracy. Each instance type 
elicited a different distribution of error types 
and different learning curves. Initially, in- 
ference from positive instances was more 
accurate than inference from negative in- 
stances but that initial superiority rapidly 
vanished. Inferential errors increased over 
trials on positive instance tasks while negative 
instance performance remained constant. When 
Ss could be correct by simply attending to the 
instance in front of them, Ss assigned to 
positive instance tasks made fewer errors, as 
Tables 2 and 3 show. Additionally, Ss made 
fewer value specification errors on positive 
instance tasks. These data confirm Hutten- 
locher's (1964) claims concerning the greater 
difficulty of identifying the correct value on 
the relevant dimension when exposed to nega- 
tive instances. 

Huttenlocher (1964) also predicted that di- 
mension location errors would be 
frequent in both conditions. 
duced many irrelevant 
but fewer occurred 
tasks. 


equally 
Both tasks pro- 
dimension choices 
in the negative instance 
In addition, past experimental data 
suggested that memory errors would be more 
prominent in the processing of negative in- 
formation but again fewer were found with 
negative instances. Since the percentage of 
decisions involving irrelevant dimensions and 
use of memory increased across trials, perform- 
ance on the last trial was more accurate with 
negative information than with positive. 
Processing of past data from positive in- 
stances may be logically more complex be- 
cause positive instances must be transformed 
into negative ones. If the first positive in- 
stance is red and the second green, two 
positive instances make a negative ог irrelevant 
dimension. Conversion of information is un- 
necessary with negative instances. If red is 
eliminated with the first negative instance, 
a negative green instance simply erases the 
second value on the dimension. The decline 
in performance for positive instance tasks can 
be explained using the analysis of memory 
errors. Both irrelevant dimension and memory 
judgments require conversions of two positives 
into a negative. These decisions increase on 
later trials. Neither memory nor irrelevant 
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dimension errors are possible on the first trial; 
on the last trial, all but one dimension must 
be eliminated, and memory decisions account 
for over a third of the choices. Positive !n- 
stance Ss rarely make any other kind of error, 
and their performance declines as the problem 
rogresses. Я 

Р А more global explanation of the data Ue 
an ideal strategy for each task. In рова 
instance problems, S must select, as relevada 
values present in the stimulus and must NU. 
absent values. Тће strategy appears to és 
adopted since few perceptual and inferens 
errors occur. When only squares appe 
square is rarely judged irrelevant and б Я 
relevant. The sole exception to the € 
arises when 5 has past information W n 
compels rejection of some of the values pressus 
Then, Ss often fail to convert two positi A 
instances on the same dimension into negative 
The ideal strategy for negative instances y 
the opposite of the positive instance etra 
and requires no exceptions. Whatever Уа E. 
are seen are irrelevant and absent values E 
relevant. Because past instances fail to К. 
late this general exclusion strategy and no? ie 
changes are necessary, memory decisions a 
volving negative instances are logically fe 
complex. Memory errors should occur ^ 
cause Ss forget what they have seen or beca" " 
people fail to adopt the exclusion strate 
The failure to adopt the strategy is do 
mented by the high proportion of percept 
and inference errors. The greater frequen 
of these errors in the negative instance en 
supports previously reported data (e.g. Dom 
nowski, 1968) on the difficulty of transform! h 
negative into positive instances. The ВЕ 
frequency of perception errors suggests D 
rather than avoiding conversion of informat?" 
often Ss inappropriately converted negat 
into positive instances. Thus negative Есе 
instances were treated as if they were positi 
In summary, the exclusion strategy is simp e 
using negative instances, but fewer a 
adopt the strategy in negative instance t 

positive instance tasks. al- 
The preceding explanations stem from ате 
ysis of single-attribute concept tasks. d 
data generally used to compare positive = 
negative instances differ from the current ^nt 
in several respects. The present ехрегіто e 
suggests that the relative superiority of posi" 

or negative information varies according 70 
the number of previous trials and the. pe 
category. Most conventional analyses ign 
irrelevant dimension errors because the pu : 
mental procedure does not permit deter™! 


NEGATIVE INSTANCES IN CONCEPT ATTAINMENT 


е source of errors. If just errors on 
ас vou | ремете were computed the present 
һе ОЗ resemble the traditional analyses 
learning me negative instances in concept 
adt AM dditionally, if the learner is given 
respond E. data for solution and must 
make hv all aspects of the stimuli, he must 

hypotheses simultaneously rather than 


Successi v. 
ively. He must resort to an exclusion 


E 
í ye Thus the demands of the task are 
EL from conventional concept at- 
Way. WI tasks. The task differs in a third 
hen single-attribute concepts are used, 


t 
E. ro mogeneity of positive and negative in- 
cepts, mci 18 equated. | Conjunctive con- 
ature S y employed with adults, lack this 
Чангу wi "urther experimental work should 
stances hich task variable, homogeneity of 
Strategy or the imposition of an exclusion 
in Nn responsible for the rapid decline 
Stabilit PSOR positive instances and the 
d ino, i negative instance performance. 
Wiring к. У, тоге complex problems, re- 
Urther nore trials for solution, would provide 
г data on the relative incidence of 
Stance т errors in positive and negative in- 
loaq h HESS The current test of the memory 
i Bo ires was not optimal. Although 
С ог stimulus complexity produced poorer 
аен a the difference failed to reach a 
Comple Ж ly significant. level. Most of the 
Mstan xity effects have occurred with mixed 
di, "Ces and widely separated 


n 
Bon 
1 


Mem, ory 


numbers of 
1955; 


nsions (Archer, Bourne, & Brown, 
; Brown & Archer, 1956; Pishkin, 


urne, 195 
» 1965), 
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An effect of stimulus set size was found with a paradigm in which all stimuli 


were mapped onto a single response. 


The effect was essentially unchanged 


when the stimuli (letters) were inverted or when each stimulus was also 


associated with a unique foveal location. 


The effect was found to be transient, 


and the results may be interpreted as indicating a switch in processing strategy 
from a focal attentive to a preattentive mode. 


Early studies of the relationship between 
choice reaction time (choice RT) and 
stimulus uncertainty (Hick, 1952; Hyman, 
1953) used 1:1 stimulus-response mappings 
and thus confounded stimulus and response 
uncertainty (Smith, 1968). Judicious ma- 
nipulation of many: 1 mappings (Crossman, 
1953; Fitts & Biederman, 1965; Rabbitt, 
1959) provides one way of effecting the 
unconfounding of these two variables. A 
related way of examining the role of 

stimulus uncertainty is to manipulate 
stimulus set size (s) with a total response 
ensemble size of у = 1. Thus in this 
paradigm all stimuli are mapped onto a 
single response. 

Bernstein, Schurman, and Forester (1967) 
reported a pertinent study in which Ss 
responded with set sizes s — 1, 2, 4, and 8, 
with a single response r = 1. The resulting 
monotonic increase in choice RT with s is 
equivocal with regard to the role of stimulus 
uncertainty since .5 was additionally asked 
to guess which stimulus was to be presented 
before each trial. If S tested the accuracy 
of his guess before initiating his motor 
response and if hypothesis checking of 
this sort took longer with larger s, then 
choice RT would increase as it did. At the 
very least the response demands of tH 


c he task 
were not straightforward. 


Furthermore 


! This research was conducted while the second 
author was in receipt of Medical Research Council 
Grant G.77/1931. The authors are grateful to P. H. 
Venables for his comments on an earlier draft of 
this manuscript. 

? Requests for reprints should be sent to Paul 
Barber, Department of Psychology, Birkbeck 
College, Malet Street, London, W. C. 1, England. 
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since Ss were also tested under conditions 
where r > 1, treatment carryover PN 
nomena could in part have mediated t! 
observed effect of s. 7 
Hannes, Sutton, and Zubin (1968) also 
reported a study in which stimulus uic. 
tainty was associated with response ua 
tainty. Using a novel paradigm inv 2 
ing two signals (1 sec. apart), both f 
quiring the same response, the response , 
the second signal was facilitated when * 5 
signal sequence involved no uncertain? 
Тће effect here could reflect intermo y 
attentional adjustments brought about nt 
the particular double-signal arrange 
used. mi 
In contrast, the most direct investigatio 
using a response certainty paradigm see 
to be that of Griew (1958) in which, 
made a single response to spatially € 
tributed signals (s — 1, 2, 4, anc 


is 
Stimulus uncertainty was again effec 
(but differently in young and old 55). к 
this case explicit orienting responses ™ 
have been necessary for 5 to ассоттоба 
the full display. The emergence O 
effect of uncertainty at a smaller value 
for the older Ss is congruent with f a 
interpretation in view of the reduced VISA 
field in old Ss (Ferree, Rand, & Monro" 
1930). | 
The present study is an equally dire 5 
application of the all: 1 paradigm but avon 
the problem of gross attentional scatti? 
At the same time, it keeps the task lora 
minimal and uses intramodal stimulus ™ у 
certainty. While this is an “obvious” way 
of manipulating stimulus uncertainty Y” 


tive 
In 


лу 


of 5 


rect 


ч 


EN 
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с 
= by response uncertainty, and 
objected ene valid method, it may be 
Process on it does not bear on the choice 
ovde Th degree of response choice 
neutral with he method is, of course, 
If al with respect to this issue. 

it is Д ла жаре is required, then 
Stimulus cater necessary for S to make any 
classifyin li коло; beyond the level of 
Or ЧЫН the input as "stimulus present" 
thus, the E wer С learly if S operated 
à simple и paradigm would reduce to 
Present cas лар, Certainly in the 
by respondi can most efficiently perform 
enced by МЕ: to stimulus onset (as evi- 
Other lad rightness change). Оп the 
may in eos н поке complex categorization 
may h ei doge sos un | Similarly, 
ransmit abitually extract or attempt to 
tion E information than the situa- 
Would h ride. Nevertheless an effect of s 
5 Tategy шее if S adopted a simple К F 
Out cont or his motor response and read 
Neiss ent information from iconic storage 
had н e after the physical display 

erminated. 
ае present experiment, the display 
Vant "ation could be considered as irrele- 
Preced ЈА the choice RT context, there is 
in E for an expectation that irrelevant 
Sense ation can be ignored, at least in the 
Nn а of not modifying the effect of s 
ан Forrin, & Archer, 1961). ‚ Obliga- 
tion ошо of irrelevant informa- 
у in contrast been observed by 
it sho п апа Checkosky (1970), although 
Чоп uld be emphasized that the informa- 
Чина" irrelevant by virtue of being 
ls irr ү Given that the display content 
а: in the present task, it would 
More oe the absence of an effect is the 

"u likely here. 
Baa int" performance in this all:1 
тен is achieved by ignoring content 
muli, EE Letters were in fact used as 
+ жен Жы. since in some studies digit/ 
зе inde, P latencies have been found to 
Was Den ys of s (Mowbray, 1960), it 
Operation e appropriate to include an 
Drocess bu uem to bear on the naming 
ound is |: ince letter recognition has been 
e sensitive to stimulus orientation 


Se 
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(Henle, 1942; Robinson, Brown, & Hayes, 
1964), the effect of stimulus inversion was 
examined here. 

A further experimental manipulation was 
concerned with the effect of spatial uncer- 
tainty within foveal vision. Furthermore, 
within-sessions effects were examined using 
single RT data. Both Smith (1967) and 
Bartz (1971) reported an effect of s when 
first RTs were considered, but in both cases 
potential response uncertainty existed. 


METHOD 


Stimulus set sizes of s = 1, 2, and 4 were presented 
under three conditions, with a response set size of 
r = 1 in all cases. Cond. A: The stimuli, alphabetic 
characters, were displayed with their normal orienta- 
tion. All stimuli were presented at the same place 
on the display. Cond. B: As Cond. A, but the 
stimuli were rotated through 180°. Cond. C: As 
Cond. A, but the stimuli were in addition spatially 
each being uniquely assigned to its 
ation so that content and location 


separated, 
intrafoveal loc: 
were perfectly correlated. 

Subjects —The Ss were 33 male and 39 female 
members (age range 18 to 39 yr.) of the departmental 
S panel. They were not generally naive to psycho- 
logical experiments but were naive spe ifically with 
respect to reaction time studies. The were paid 
for their services at а rate of 30 pence (approxt- 
mately 726) per hour. 

Apparatus and stimuli —The stimuli were alpha- 
betic characters presented via the character-display 
facility of the oscilloscope (equipped with a 
phosphor) of a LINC-8 computer. The character 
set consisted of the letters F, G, J, and K; each was 
formed within a 6 x 4 matrix of points measuring 
approximately 003 X .002 m. Each character i 
quired the intensification of 12 of the 24 possi e 
points so that they were roughly equated for inten- 
sity. In Cond. A and B, the stimuli appeared at the 
center of an outline square frame of .02 X .02 n. 
drawn on the scope face as an aid to fixation. In 
Cond. C, the stimuli were centered at the 1000 
corners of a .005 Х .005 m. square concentric with 
the fixation frame. 

In all cases, S viewed the display from about ‚бт. 


ia a .013-m. diameter button operat- 
i as suc 


and responded v с А 
ing a Ph eroswitcli: Ambient illumination w pe 
that the phosphorescent afterglow of the 
was essentially imperceptible. mA. and 
The computer program monitored tesa розе“ 
recorded latencies in milliseconds. у Bes 
stimulus intervals were pseudo-random ys 
rectangularly on the interval 1,512 


е rder 
The program also rotated the о г vated pseu b 


of stimulus set sizes between 55, ECT 

ations the 
random permutations of 
controlled the display; and performed 
tion and reduction operation 
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STIMULUS UNCERTAINTY CIN BITS ) 


Fic. 1. The effect of stimulus uncertainty on 
reaction time in the all:1 paradigm. (Results are 
shown averaged across conditions (72 5s) for median 
reaction times and first and last reaction times.) 


Procedure and design.—NWritten instructions were 
given to .S, Besides informing him about general 
details of the procedure, the task and its require- 
ments were explained as follows: 


This experiment is designed to find out how 
quickly you can react to a symbol on the screen. 
When a symbol appears you are to press the key 
as quickly as possible, but please do not press the 
key when there is no symbol displayed. 


The procedure was further described as involving 
“several sessions" and lasting "about 20 minutes." 
The range of stimuli w displayed prior to each 
block until S pressed his key to initiate the stimulus 
presentations for that block. A buzzer sounded for 
-5 sec. at the end of each block. 

The Ss were allocated to three groups of 24, 
corresponding to Cond. A, B, and C. Within each 
group, 4 Ss were tested under each of the six possible 
presentation orders of the three set si All Ss 
were tested at each level of s in one block of 100 
trials per level. For the s = 2 and 5 = 4 blocks, 
the corresponding stimuli were equally frequent and 
the order of presentation within blocks w 
rated for each 5 independently. The entir 
asted about 15 min. at most. 
eo test was given to the first 12 Ss tested 

ler Cond. A and B. They were provided with 
be > rows of five 6 X 4 matrices with instructions to 
ше E» у xperimental symbols for each block as 
draw t P € 1 possible. Only 3 Ss out of 24 made as 
MN A sies error of reconstruction, and none 
I аза + 
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made an error of order. This part of the procedug 
was thereafter eliminated since a substantial срд 
in this effectively perfect recall seemed most unlikely- 


RESULTS 


All analyses were based on RTs to the 
symbol J, which appeared in all three 
blocks encountered by every 5. Meu 
RTs, used in the preliminary analysis 0 
variance, were based on every fourth Ка 
to J in the s = 1 block, every second К 
to J in s = 2 block, and all RTs to J in 
5 = 4 block. Thus all medians were base г 
on 25 observations distributed regularly 
within each block Е 

In this first analysis, only the variance 
due to the within-Ss factor, set size, be 
significant, F (2, 108) = 7.44, р < .001. 
Both other main effects, the between-5s 
factors conditions and presentation order, 
were not significant, nor were any of the 
interaction terms (ps » .25 in all cases): 
Partitioning the variance attributable to 
set size yielded a highly significant т 
component, F (1, 108) = 12.71, р < 00 
and nonsignificant deviation from linearity 
F (1, 108) = 2.20, p > .10. The option О 
using the equal interval property on E. 
stimulus uncertainty variable was exercise 
in preference to the unequal intervals on the 
set size factor. The statistical conclusions 
are independent of this option in the present 
analyses. 

This reliable overall effect of set size (Fig. 
1) was explored further by an analysis О 
the first and last critical RTs. It should be 
emphasized that this second analysis cannot 
be said to be independent of the first опе, 
but stands in qualification thereof. Set size 
remained significant, F (2, 108) — 7.998, 
P < .001, but now the extra within-Ss 
variable, trials (first vs. last presentation 
of J), interacted significantly with set size 
F (2, 108) = 4.052, р < .025. Мо оће 
main effect nor interaction was significant- 

The Trials X Set Size interaction (Fig. 
1) was more specifically found to be 
attributable to a within-block erosion of 
the set size effect, Thus on the first trial, 
the linear component of set size was highly 
Significant, F (1, 108) = 22.46, р < .001 
but on the last trial was not significant; 


" 


MGR 


у 
further e э pS 2 CURE wem 
of first Mop Sec va by separate analyses 
о get critical RTs, conducted as 
decrease кар measure due to the sizable 
D any PME ng variability within blocks. 
ESrificance nt, the pattern of statistical 
ul е тышы even if ultra- 
Greenhous M tests are used following 
Па ж апа Geisser (1959). 
median ЕТ, seen that in Fig. 1, means of 
than the ү sare on the whole rather less 
denes means of the single RTs. This 
merely be ingen. unimportant and could 
to the aie statistical artifact attributable 
tributions p.i of positive skew in RT dis- 
locks, UR though it may reflect a within- 
The die паре, Sequence effect. 

e due sage of condit ions effects could 
groups Ка criterion differences between 
treatme ne ependent of the experimental 

ents. For this reason, the number 
bi- 


ja, пано anticipatory responses, ar 
Was bis as latencies below 100 msec., 
Vere ee In Cond. A, B, and C there 
5 Ae Lied 14, 12, and 11 out of 24 
Were с eat such responses. Anticipations 
and tra, es not associated with conditions 
lor | a off seems an unlikely explanation 
Contriby ailure of the conditions factor to 
Jointly ite significant variance alone or 
У with some other factor. 


T DISCUSSION 
le 
used here 


esiti 
Xperimental procedure 
is zero 


Suaran à 

a e ied that response uncertainty 
th Same nal sense of information theory. In 
i sms we may infer from the results 
M short-tive uncertainty here has a reliable 
s taint ved effect when there is no response 
їз nor б It seems, then; that the effect of 
опа нь а together a response effect. This is 
Oba n ith recent findings that stimulus 
BE ОИ has effects which are independent 
1970 Ronse probability (Biederman & Zachary, 

is ira & Hosking, 1969). : 
NC prea ese arguable that the issue 1n 
otters as emer! is confounded by the use of 
served he stimulus ensemble and that the 
the part effect of s only reflects a tendency on 
he ER Ы to name the letter before making 
evidenti Fespouse: If this is the case, then 
OPER. puer to make use of distal 
andi де tend rather than some iconic residue, 
east in the short run implicit naming 
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ofa well-defined set of letters is itself a function 
of s. This contrasts with the findings of 
Mowbray (1960), but it is consistent with the 
small effect on letter naming observed by 
Morin, Konick, Troxell, and McPherson 
(1965). 

In Neisser's (1967) terms, it appears that 5s 
brought serial focal attentive processes to bear 
on a task for which parallel preattentive 
treatment would seem more suitable. That Ss 
could so easily recall the stimuli further rein- 
forces the notion that focal attention was 
operative. The disappearance of the effect of 
s within the session suggests a switch between 
processing strategies such that by the end of 
each block S had resorted to preattentive pro- 
It is as if S initially attended to the 
splay content within a block, and hence 
categorized each stimulus. As soon as he was 
certain that the briefing display had correctly 
specified the contents of that block, he could 
adopt a simple RT strategy. 

The failure of the letter inversion treatment 
(Cond. B) to havea differential effect mitigates 
against the results, reflecting a hidden response 
effect. This point rests on the absence of a 
statistical effect and the possibly naive pre- 
letter inversion would affect 
Foveal spatial uncertainty 


sumption that 


naming processes. 
(Cond. C) also seems to have added nothing to 
nipulation 


The point of this mat 


also was to allow for response effects; in this 
case, the notion was entertained that intra- 
foveal orienting processes might be capable of 
mediating an effect of s. The lack ofa distinc- 
tive contribution from these manipulations 15 
surprising and is at odds with a response-Daset 
interpretation. It would be inappropriate i 
overextend this point, but the two experimen а 
treatments B and C are salient 
testing of template-matching versus 
testing issue in pattern recognition 
1967). 

The 
information 
what might 
is consistent wit 


the effect of s. 


that 58 do go beyond the 
they operate as 
jn generators: 
t irrelevant 
ignore 
be 


finding 
required, that 
be called information 26 
h other evidence that A 
о 


information is not always easy 


А і о 

(Ттіеѕтап, 1969). It then rema am 
explained why irrelevant inf atior 

be processed. 

difficulty in fil eee 

tally when attention has КО 

especially W hen atter зав о удата (Tries 


a single analyzer ог group О! 4 
man, 1969). ‘This seems unlikely 19 U* E 


case where efficiency coul 
switching out the entire 
devices responsible for display 


orm 


tering out irre 
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Information generation could be the in- 
voluntary and obligatory consequence of a 
mechanism, presumably classificatory, ex- 
tracting information beyond the organism's 
needs. But if the effect arises on a non- 
obligatory basis, and it is tempting partly 
because of the transience of the effect to credit 
Ss with some semblance of autonomy, then it 
follows that 55 may actively and spontaneously 
manipulate structural subprocesses in reaction 
time tasks. 
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MANIPULATED RETRIEVABILITY IN FREE RECALL 
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Ease of free recall of responses following paire 
to be directly related to degree of stimulus imagery ! 
tions, called the mediation hypothesis с 
The former holds that recall of a response 15 


used to account for these data. 
mediated by its associated = 
of the 
inves 


hypothesis. 


In 


(197 a previous study, Young and Parker 


lon attempted to investigate the acquisi- 
огу, ја porem (M) in the labora- 
Common Am: study, S first learned a 
lree sets et of low-M responses to one of 
Which V. of paired-associate (PA) stimuli 

Varied in M and then learned the 


Sam, 
е Be x БЕЙ v P 
dif cu t of responses in à serial list. The 


fi 
чу 5 Е A 
related of the serial list was inversely 
the res to the M of the stimuli to which 
Teg), POnses had been associated. These 


Sult à 
M 5 Supported the hypothesis that the 


In, Value 


ateq was directly re- 


of the responses 
associated 


i т the M value of their ‘ 

ecause the stimuli served as media- 
the low-M responses and 
of high M) or a 
M) number of 


(усеп 
гај " 

à large (in a case 
in the case of low 


(Ry, Ne first experiment in the present article 
Розу... the 
co у that imagery (0 (Paivio, 1969) 
лапы С. induced in the laboratory in a 
Park И г similar to that used by Young and 
ће 1d (1970). As in the previous study, 
fr 4 Manipulated variable was significant: 
hi,, Т°СаП of responses associated with 
of “а stimuli was greater than free recall 

"Sponses associated with low-I stimuli. 
S End ап the results of Exp. I, two 
lt a ONR of these data were suggested. 
Ton be that during PA learning the re- 
lager, acquired some portion of the 
TÉ possessed by the associated stimuli, 
R, ү^°Ччезїз for reprints should be sent to Robert 


Т. Sung. > ow + 
exa ng, Department of Psychology, U niversity of 


) was designed to investigate 


in 188 


5 at Austin, Texas 78712. 


acquired by the response as 
onse recall as a function of the relatedness of the 
tigated response recall as a function 0! 
enerally supportive 


d-associate learning was found 
Ехр. 1. Two explana- 
and the acquisition hypothesis, were 


imulus, and the latter holds that some attribute 


Experiment 11 
imuli, and 
f stimulus imagery and 
of the acquisition 


ated with it. 


or it may be that the critical variable in 
both of the previous studies was the 
availability of the stimuli. If the latter 
alternative is the case, variable stimulus 
recall is being manipulated rather than M 


or 1. 

Experiment 1l was designed to investi- 
gate the possibility that stimulus media- 
tion plays an important role in this para- 
digm. This was done by investigating ге- 
sponse learning as à function of stimulus 
retrievability with attributes of the stimu- 
lus materials such as meaningfulness and 
imagery held constant. 

The results of Exp. 11 suggested that 
manipulation of the retrievability of stimuli 
influences free recall of the responses of a 
PA list. Because of this, acquired response 
1, variable stimulus recall, or both coul 
account for the results obtained in Exp. 1. 
Experiment 11 represents an attempt to 
differentiate between these two explana- 
tions of the results of Exp. I. This was 
done by having Ss learn PA lists in an 
A-B, A-C paradigm. Following A-B learn- 
ing, Response B is more easily recalled 
when A has high I than when A has low 
Under the mediation hypothesis, the ability 
of the stimuli to serve as mediators for 
recall of the B responses is reduced follow- 
ing А-С learning because the А-В associa- 
bcen unlearned. Once A-B d 
learning occurs, the B responses previo nim 
associated with easily recalled (high 

2 Д 2 tention 1088 
stimuli should show а greater те wi 
relative to ап appropriate contro к: 
should those responses previously assan 


tions have 
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ated with difficult-to-recall stimuli. The 
reason for this, of course, is that loss of a 
mediator which increased recall will result 
in a considerable retention loss, while loss 
of a mediator which did little to facilitate 
recall will result in only a relatively small 
loss. 

On the other hand, if Response B ac- 
quires I (or some component of I) during 
A-B learning, then unlearning of the A-B 
association following A-C learning should 
not reduce the differential recall of responses 
associated with high- or low-I stimuli. 
That is, even though the B responses arc 
no longer associated with А, responses 
formerly associated with high-I stimuli 
should still be recalled better than responses 
formerly associated with low-I stimuli. 


EXPERIMENT I 
Method. 


Design.—Each 5 learned an eight-pair PA list 
for three or four trials and then learned the PA 
responses for five trials by free recall. For half of 
the 5s, the stimuli of the PA list had high I. For 
the other half of the Ss, the 
The responses for both lists consisted of a common 
set of low-M trigrams, Thus the design is a 2 x2 
with number of PA trials and degree of I being 
factorially combined (N = 11 per group). 

Procedure.—The PA lists were learned by alter- 
nating observation trials in which both members 
of the pair were presented and test trials in which 
only the stimuli were presented. Both the pairs 
and the stimuli were presented at a 3-sec. rate with 
a 9- intertrial interval. Subsequent to PA 
learning, Ss were given free recall instructions and 
were told to recall the responses (“those three-letter 
words you have been writing down") which they 
had learned during PA learning. During free recall, 
the items were Presented at a 3-sec. rate, a 24-sec. 
recall interval, and а 9.sec. test. trial-observation 
trial interval were used. Although observation and 
test trials were alternated, the first test trial came 
before the first observation trial in free recall. The 
58 were run in a vacant classroom and were seated 
in every third seat. The verbal materials were pre- 
sented by a Kodak Carousel Ektagraphic projector. 
Recall was written, and after every trial S placed his 
data sheet face down on an adjacent. desk and used 
another sheet for the next trial. The Ss were run 
in groups of five or si Four orders of presentation 
were used during both PA learning and free recall 
to reduce the possibility of serial learning. 

Response M was low. with the Archer (1960) 
ratings ranging from 19% to 23% association value 
with the median equal to 20. The stimuli were 
taken from norms developed by Paivio, Yuille, and 
Madigan (1968). The stimuli with high I had a 


PA stimuli were low I. 
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TABLE 1 
Mean CORRECT ON TRIAL 1 AND Mis У Cond 
PER TRIAL DURING FREE REC: LL ов Par 1 
cIATE (PA) RESPONSES IN EXPERIMENT 


Imagery 
CN ERE И 
PA trial Low High 
a 
| ЮЕ ies x | sp 
X SD X ee 
Trial 1 3 3.37 1.89 3.73 | 1.01 
4 345 | 1.82 | 5.81 | 1.10 
0 
All trials 3 5.33 1.94 620) | del 
4 5.55 | .88 | 7.02 | 37 
> ЖШ 


" 3; 
mean rating of 6.33 and a range from 6.10 to d 
the stimuli with low I had a mean of 2.70 and a A 
from 2.50 to 2.93. Stimulus M was held сопа 
with mean M ratings of 5.46 and 5.45 for the ш Ss 
conditions of high and low I, respectively. : 
were dropped from the experiment. 


Results 


А iste 
Тће data for the learning of the PA 15 


T went per tia 
were analyzed. The mean correct wi wal 
lor the groups with high stimulus ith 


4.98, while the mean for the groups W! " 
low stimulus I was 2.95. This йе 
was significant, with F (1, 40) = e 
P < .01. No other difference was sn 
cant in the analysis. These data are ^ а 
sented in Table 1. In the analysis of p 
first trial of free recall (which came prior 
the first observation trial of free rece 
both imagery, F (1, 40) = 8.18, p < 32, 
and number of PA trials, F (1, 40) = Tod 
P < .05, were significant. In the anally 
of the total number correct during К 
recall, the imagery variable was significan 
F (1, 40) = 14.49, p < .01. That 15, M 
grams previously associated with ite! 
Such as TRIPOD and HURDLE were casicr Ў 
recall than when they had been previous? 
associated with such items as METHOD E 
THOUGHT. These results essentially rep 
cate the results of Young and Park 
(1970). it 
On the basis of the data of Exp. b Я 
would seem that the trigram response 
employed in the PA lists acquired imagery, 
with greater degrees of imagery pe 
acquired by responses associated wi 


| 


MANIPULATED RETRIEVABILITY IN FREE 


Stimuli wir 5 

s n m high I than to stimuli with 

Bii = the paradigm employed in 

Ployed bv с тањи, the same as that em- 

Would d | oung and Parker (1970), it 

data, god that on the basis of these 
€ acquisition of vividness, similar- 
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3) as well as = s А 
ell as a variety of other attributes 


ot th 
ics Дн material itself could also be 
Monious E im However, a more parsi- 
Case of “ка Min of the paradigm is that 
atis, it 1 1 Us recall is being manipulated- 
may be that a previously neutral 


"esp, 

Onse | 

nse bec ume с : 
ASSO; comes easier to recall after being 


1 * Тес; ~ B 
eff alled stimulus serves as а more 


Cler А 

n t gues for the recall of the re- 
И іы h is the case, then the acqui- 

(«ри СУВА Exp. 1, or meaning- 

üs ES in the Young and Parker study, 

reen demonstrated; rather, the 


gm ; М 
which has been used is one !n 
ill has been 


II was de- 
sibility by 
employed 


Parad 


Whi ch 


to iny | Experiment 
in s he sim estigate this pos 
T ame paradigm as that 
time 25 T Exp. П ease of stimulus re- 
n, timuluų ipulated, while at the same 
838, image attributes such as meaning- 
agery, etc., were held constant. 


Ar 
е nee 
Тод EXPERIMENT И 
Dec. 
fop “Sten 
te RNE 
Cig 136 
lor ht ara of 90 Ss learned а 16-pair PA list 
ot and then learned the РА responses 
Three groups were 
related cued (RC), 


cue (RN), and unrelated (U). The 
related 


four 


Bros tl of 
ч the PA T 
Worda Were he PA list learned Ђу the 
Wore Рег Goo of four categories with 
the ге ated and the stimuli of the О grouP 
| Ames of o one another. The RC group had 
that ring freer stimulus categories posted on the 
че есай of the responses and were told 
as Tigrame 
Ser Mene e 
ie 
касе responses for ен 
| У Те and. materials.— 


Sen, group. 


i 
“seq 
mize 


Seria iti 
al position effects. 


his 
1 Noul У] 
а нер them “in some way" to recall 
i ecall for the RN and U groups 
ommon set of 16 low-M trigrams 


Sery.. | for eig ^ he PA lists were pre- 
tin’ ion aan gas and each consisted of an ob- 
Me Ili were pres E trial. Both the pairs and the 
Ec ludo ps марина with a 20-sec. 
uring the ol Four orders of presentation were 

bservation and test trials to mini- 

Subsequent to the 


145 - 


E RECALL 


PA task, Ss were given instructions for free recall 
and then were told to write down the previous PA 
responses. As in Exp. 1, observation and test trials 
during free recall were alternated with a test trial 
coming first. During free recall, the items were pre- 
sented at a 3-sec. rate. A 60-sec. interval was used 
during recall and the test trial—observation trial 
interval was 9-sec. Four orders of presentation were 
used. 

The stimulus materials 
and Montague (1969). The four most frequent 
responses in the body-parts, fruits, animals, and 
room-parts categories were used in the related lists, 
and a similarly frequent set of 16 items was taken 
from 16 different categories in the same norms for 
use in the unrelated lists. The trigram responses 


were taken from Archer's (1960) list and had a 
median association value of 20. The materials were 
presented on a Kodak 650 Carousel projector ina 
large room. The Ss were run in groups of five each. 
Three Es were employed in the experiment and each 


ran two subgroups of Ss in each of the three ехрегі- 
mental conditions. The Ss wrote their responses 
and used а card to cover the responses given during 
the same trial. After each trial, the answer sheet 
was placed face down on the table in front of S. 
Two Ss were lost because of failure to follow 


instructions. 


were taken from Battig 


Results 


The number of ; 
Trials 7 and 8 during 


correct responses given 
PA learning 


during | 
as analyzed. The per trial means for the 
U, RC, and RN groups were 15.47, 15.28, 

No main effects 


and 15.20, respectively. n: 
approached significance an 
hence groups 
cannot 
that more respons 
in the 
Although th 
it replicated 
The number 
during free recall w 
variability © | 
groups was only marginally sig! 
КО 121 = 2.84, p = + 
category versus no-category : 
versus uncued comparisons are m 


n correctly 
R groups: 


than in the i 
:onificants 


e major 
jificants 
r, since 


the design of the experum T ; 
onal comparisons were ma рап 
RN versus U comparison was sign ae 
m 12) = 5.49, p < .05, but s bc 
: Е: f, > 
groups did not differ between | her e 
with F «€ 1.00. 16 сап be ed Ma than 
»calle! 
o R groups recallet а erences 


that the tw 
the U group- 
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148 ROBERT K. YOUNG AND A. KEITH BARTON | 
TABLE 3 : 
MEAN NUMBERS or Correct Responses GIVEN DURING TEST FOR RETROACTIVE 
INHIBITION (RI) AND DURING THE FOUR TR S ог FREE 
RECALL or РА RESPONSES IN EXPERIM NT II 
| Response recall trial 
RI - н - 
SI Cond. 1 | 2 | 3 4 
» | SD x | sD | & | SD | X | SD X E- 
| | |- * 4 
A-D: | 130 | 124 | #15 | 131 | 570 | 1.69 | 615 | 118 | 605 | 15 
High | 92 
C-D 2.40 2.01 4.15 | 1.79 5.50 1.57 6.35 1.23 6.70 204 
| A-D 70 | 83 3.80 2.07 4.60 2.14 5.10 1.97 5.40 = 
Low | » | E " 93 5.80 1.54 
C-D 95 | 48 | 410 | 1.89 | 475 | 194 | 540 | 231 | 5. 1558 
Note.—SI =stimulus imagery. 
2 y a igh! 
data are also presented in Table 3. It is response associated to a stimulus with hig А 


interesting to note that within conditions 
of SI, responses were equally available re- 
gardless of which second list was learned, 
B, 72) = 1.28, Б> 05. That is, RI 
occurred during A-B recall but not during 
free recall of the B responses. No other /% 
were significant in the analysis. 


Discussion 


Differential learning of responses previously 
learned in a PA task as a function of some 
characteristic of attribute of the PA stimuli 
has been fairly well demonstrated over a 
variety of conditions. Previous research has 
shown that the same set of trigrams is easier 
to learn in a serial list if the trigrams had 
previously served as responses in a PA list 
which contained high-M stimuli rather than 
low-M stimuli (Young & Parker, 1970). 
Experiment I extended this finding by demon- 
strating essentially the same results using I 
as a variable. A common set of trigrams is 
easier to learn in a free recall list if these tri- 
grams have previously served as responses in 
a PA list containing high-I stimuli rather than 
in a list with low-I stimuli. 

At least two hypotheses can explain the 
results of these experiments. The mediation 
hypothesis holds that responses associated to 
relatively easily recalled stimuli become them- 
selves more easily recalled because the stimuli 
serve as mediators for response recall. An 
alternate hypothesis, called the acquisition 
hypothesis, holds that responses associated to 
relatively easily recalled stimuli acquire attri- 
butes of the stimuli which make the responses 
themselves easier to recall. Thus a neutral 


comes to have an increased amount of | о 
comparison of these two hypotheses ма 
especial interest in Exp. II. 

In Exp. III, negative transfer wa 
during the learning of the second list 
was found during A-B recall. Since 10 у 
versus C X SI interaction was found in di 
of these analyses, it can be concluded, wa 
amount of negative transfer and RI fourt В 
approximately the same over both condi va 
of SI. With RI occurring, it can be assuri 
that at least some of the forgetting ораи 
during А-В recall was due to the unies e 
of A-B associations in the Experimental gro" je 
From the mediation hypothesis, this ime a 
that free recall of first-list responses follow ie 
A-B recall should be less than free recall Ping 
comparable Control group. That is, acco! 
to the mediation hypothesis, RI shou 
demonstrated during response recall Бес а 
the A-B link between the item to be poa 
and its mediator was broken in the Езра d 
mental groups. RI was not demonstr ó 
during response recall, and this fails to supi d 
the mediation hypothesis. It should be ?' yas 
that in Exp. III, the test for free recal that 
made subsequent to the test for RI and in 
the free recall may have been influence test 
some manner by the test for RI. If no Ч 
for RI had been made, however, there WO" 4 
have remained the possibility that no R ол 
no differential unlearning of А-В associat! it 
had occurred. Under these conditions 
would have been extremely difficult to arg 
that Exp. III represented a differential К< 
of the mediation апа acquisition hypothe а 

The response-recall data can provide oe 
direct support for the acquisition hypo 
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If ae 
ity arning of AB associations reduces the 
Di же п responses using the appro- 
io е mediators, then (according 
E um € Поп hypothesis) the difference 
Inna id peri and Control groups with 
responding 1 should be. less than the cor- 
Versus C Soups with high-I. That is, an £ 
mediation $ interaction is predicted by the 
d Eu равав. | Оп їһе other hand, if 
E ү nes sequined a certain degree of 
t г acquisition hypothesis) during 
fSsocia tion : then unlearning of the A-B 
Pon bum should have relatively little effect 
Шїегепсг ҮЕ recall and the magnitude of the 
high anit те АЕ Experimental groups with 
Pective = SI should approximate the re- 
ontrol group difference. The re- 
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NSe-ree 
hog, ~ Теса data support the acquisition 


CA | a 
Mediate nd give little, if any, support to the 
^ lon hypothesis. 
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шо Пола of Exp. II were replicated 

Xactly by some of the groups in Run- 
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Mise 
lst (197 
fail d (1970). In contrast to Exp. 11, Runquist 


lo 
he 

Я lace : 5 

lig... с 485 of stimulus material used. 
ence 


find that response recall was related 
One 


m between the two experiments which 


0 X E 
4 this S Ebenholtz, 1962). 
legi," 18 that Ss might not use stimuli as 


Гафор . 
"adi S if the are 


КЕШУ aca: responses themselves 
ip ation pem That is, support for the 
t * res hypothesis will be found only when 
ће sti, Pons 

Aj Muli, 


tha tho: 
Је Ugh some support has been found for 


5 are more difficult to recall than 


io me М 

we *diation hypothesis, the data tend to 
га it t that à previously 
p ass em is changed by virtue of having 
or the See with some other verbal unit. 
Id s len 2 unit has a considerable amount 
аң, Mager. = previously neutral item acquires 
a Other. 4 к some degree. ] However, there 
1 Some A = ple interpretations of the data 

[ow may be леве will now be considered. 
er s that the conditions which showed 
dy 50 as ee recall of previous PA responses 
ва result of differential familiarization 
| in дъ learning. Orit may be that greater 
i У is of correct responses during PA learn- 
iy, "Creased the availability of responses 
in subsequent free recall (cf. Horowitz, 
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Day, Light, & White, 1968). The trials vari- 
able of Exp. I was designed to be a familiariza- 
tion control but as such failed to serve its 
purpose; the number of correct responsesduring 
PA learning in the high-I group with three 
trials was greater than in the low-I group with 
four trials instead of vice versa, as had been 
anticipated at the outset of the experiment. 
Thus in Exp. I, there is no control which elimi- 
nates familiarization as an explanation. How- 
ever, the Young and Parker (1970) study con- 
tained some conditions with low stimulus M, 
wherein more PA responses were given cor- 
rectly than in some conditions with high stim- 
ulus M. Subsequent learning of these re- 
sponses in serial lists indicated the high-M 
conditions were learned more rapidly than the 
low-M conditions, apparently eliminating dif- 
ferential familiarization as an interpretation. 
Similarly, in Exp. II, more correct responses 
were given during РА learning to the U groups 
than to the R groups. Subsequent learning of 
the responses indicated the R groups were 
learned faster than the U group, again suggest- 
ing that familiarization is not a tenable ex- 
planation of the results of the experiment. 
Thus, while familiarization can be used on oc- 
casion as an alternate explanation, when the 
conditions of an experiment allow a comparison 
between familiarization and some other con- 
struct, little support is provided the former 
hypothesis. 
The results o 
cations concerning how 
quired outside the laboratory. 
of the present series of studies are reliable, then 
the various attributes an item possesses may 
have been acquired through associations tO 
other verbal units. Such associations could be 
acquired in a manner analogous to that em- 
ployed in the present article or in a variety of 
other ways such as associating an item to the 
context which it is learned. Thus the kind and 
number of items to which a particular verbal 
unit is associated may provide the basis for 
determining the meaningfulness, imagery, etc., 
that the verbal unit poss These sug- 
gested methods of defining the degree of attri- 
yossessed by а verbal unit are suggestive 
of procedures employed by Deese (1959) for 
determining strength of interitem associations 
and by Noble (1952) for determining degree 0 


meaningfulness. 
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Two studies investigated th 
on cl 
produced superior clustering con 
Spatial blocking, where items 
same location, had no effect on pe 
formed of the nature of the list 


and temporal blocking augmented clus 
used by Ss in organizin 


location can be 


clustering of 


While 
hile the phenomenon of 
all has been 


related ; 
a feme during free rec 
E pen agreement on the ex- 
"ulvin S SR this has not been reached (see 
Suppeatd 968). Several investigators have 
associati that associations or mediated 
to E e responsible for the tendency 
Steward su. items together (Bousfield, 
)thers hs & Cowan, 1964; ри, 1966). 
coding dex suggested that a strategy o 
items A loe and retrieving related 
& Reicl gether is used by S (< ofer, Bruce, 
Оле her, 1966; Cohen, 1966). 
ded the more powerful variables 
een he the degree of clustering has 
Res wr es of the list during 
ated ite ion. For example, when the re- 
с tere are presented together (blocked), 
domly ПЕ 18 augmented relative to ran- 
dr re presentation conditions 
fari be € 1966). The effects of blocking 
handled by both explanations for 


Cluster 

the cring, Puff (1966) has argued that 

ie E of common mediating re- 
ses summates when related items 


and that this 


Aphoar i 
Ppear in the same list, 
the related 


E f 

m con is greater when 

other po temporally contiguous. On the 

Hake zm blocked presentation could 
> the categorized nature of the list 


were reported at the 


e effects of spa 
tering and recall of categorized 
pared with 
from the same category were 
гѓогтапсе. 
and of the arrangement of items, 
tering. 
g their recall. 


AND SPATIAL ORGANIZATION 
CLUSTERING 1 
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ial as well as temporal organization 

In Exp. 1, temporal blocking 
a random order of presentation. 
presented in the 
In Exp. 1, when Ss were in- 
both spatial 
]t was concluded that spatial 


names more accessible 
However, even when 
during 


and the category 
for use in coding. 


Ss are given category names 
presentation, blocked presentation still pro- 
han random presen- 


duces more clustering t 
tation (Dallett, 1964). This result was not 
conclusive since S-derived category labels 
may be more specific to the set of items. 
The purpose of the present studies was 
investigate whether spatial as WC 
organization would influence 
to assess whether the 


to 
as temporal 
clustering, and if so, 
results were more consonant with one 0 
the explanations for clustering describe 
above. Slamecka (1967), in investigating 
serial learning, found that serial recall of 
the spatial location of items was as goo! 
as serial recall of the temporal order. 
Slamecka separated temporal and spatial 


order by using à separate locus in a memory 

drum for each of the items. On the other 
using a similar task, Mandler an 
(1971) found that serial reca 
nce was better than 

whether oF 


hand, 
Anderson 
of the temporal seque 
that of the spatial sequence 
not Ss were instructed as to the recal 


task before presentation of the lists. In 
a similar technique 


the present studies, 

was used to vaty independently the 

temporal and spatial arrangement of re- 
stigate the effects 


lated items and to inve 


and clustering. Four conditions 


T 

ia results of this research e 
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different windows, and this could influence 
learning, two control conditions were 
added. Items were arranged in either a 
random or blocked temporal order but the 
items always appeared in the same window 
location. Comparisons of the control. and 
experimental conditions would indicate 
whether switches in window locations 
interfered with performance. 


EXPERIMENT I 
Method 


Design.—A 3 x2 X 3 factorial de ign was em- 
ployed. There were three variations in the assign- 
ment of items to window locations. In the control 
conditions, all words Were presented in the center 
window of the memory drum (Sc); in the other two 
conditions, items were arranged spatially in а 
random fashion (Sr), or spatially blocked (Sb) 
according to category membership. For example in 
the Sb condition, all city names would appear in the 
same window location. The temporal order of 
presenting items was either randomly determined 
(Tr) or blocked by category membership (Tb). 
The six conditions were: Sc Tr, Sc Tb, Sr Tr, Sr Tb, 
Sb Tr, and Sb Tb, where the first two letters indicate 
the type of spatial arrangement of items and the 
two letters, the type of temporal ordering of item 
Recall and clustering performance wa. 
three trials, 

Materials.—The items were selected by taking 
alternate items from the most frequent associates to 
category names (Battig & Montague, 1969). Ten 
items for each of 10 Categories were obtained and 
two lists of 5 categories each were derived. Care 
was taken to avoid having similar catego 
categories with common in 
same list, 


sessed over 


5 or 
stances appear in the 
For example, “crries were used in one 


list and "couxrRIES" in the other, Likewise 
с” 4 В Я 
"FRUITS" and “тк ' were assigned to different 


lists. The List 1 categories were: сүт 
ANIMALS, SPORTS, and PROFESSIONS, 
categories were: COUNTRIES, TRE 
BIRDS, and MUSICAL INSTRU 
aud temporal arrangement of items for present ion 
on the memory drum depended on the conditi 
ltems were randomly arranged within those restric- 
tions. The same геј; ive order of items 
tained on the three trials, but the 
varied from trial to trial in order 
position effects on recall and ree: 
Subjects.—The Ss were 
psychology students, who 
laboratory requirement, There Were 10 Ss in each 
of the six conditions, Half of the Ss in each condi- 
ved List 1; the other half, List 2. Within 
these restrictions, a single table of random numbers 
was used to generate the order in which 


FRUITS, 
he List 2 
VEGETABL 
S. The sp 


on. 


s main- 
starting point was 
to minimize serial 
all order, 

female introductory 
participated as part of a 


these 


conditions would be assigned. The Ss were assigned 
to the conditions in the order in which they appeared 


in the laborato; 
Apparatus —The lists 


were presented on a 


GAIL BRUDER AND ERWIN SEGAL 


Lafayette memory drum with five window locaton 
marked off by thin strips of black tape plac 
between locations. А 

Procedure.—Each 5 was seated in front of ч 
memory drum and told that she would | e a 
words presented 1 at a time in one of the wi co 
of the memory drum. She was instructed to rs 
аз тапу words as possible, She was further E: 
Structed that she would be free to recall the ke 
in any order when the recall period occurred. “ia 
words were presented at a 2-sec. rate. Follow 
the first presentation, E recorded the oral responia 
during a 3-min. recall period. Trials 2 and 3 р 4 
ceeded in a similar manner. Following the third ru 
call period, each S was questioned about the ta 
and dismissed, 


Resulls and Discussion 


The mean recall and clustering results 
over trials are indicated in Fig. 1. b. 
results suggest that temporal, but nod 
spatial, organization of related items in 
fluenced recall and clustering. 

Recall.—The analysis of variance pel 
formed on the number of items recalle 
indicated that, except for a higher order 
interaction, only the effect of tria 
F (2, 96) = 331.99, p < 001, was signih- 
cant. "The higher order interaction of ШУ; 
tial Condition X Lists X Trials, F (4, 9 $ 
O41 p< 005, was significant. | b 
though we cannot explain this particula 
interaction, it docs not affect any of the 
conclusions drawn from the study. The 
effect of temporal. blocking approach? 
significance, ЈУ (1, 48) — 3.39, p < 1 1 
There was no effect of spatial conditie 
(F < 1) nor did spatial condition interac 
with temporal condition (F < 1). s 

Clustering. —The Ratio of Repetition 
index (RR = r/(N — 1)) was used d 
assess clustering (Cohen, Sakoda, & Bau 
field, 1954). ‘The analysis of vne 
indicated that temporal blocking joote 
clustering, F (1, 48) = 19.21, p < «0 6) 
Clustering increased over trials, F (2,9 
= 35.18, р < .001. There was no pt 
cant effect of spatial condition, F (2, al 
~ 2.22, b < .25. "TheSpatial X 1 amphi 
Conditions interaction was not p ape 
P (2, 48) = 201, p < 25. All oth 
Fs < 1, ER 

Inspection of Fig. 1 suggests there pee 
Simple effect on performance of p gebe 
shifts in attention. to different When 
locations during list presentation. 
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MEAN NUMBER OF ITEMS RECALLED 


TRIAL 


Fig, 1. 


E E temporally blocked, constant 
ог of windows seems to produce 
Se Ti J clustering (compare Sr Tb with 
wher band 56 Tb conditions). However, 
1 items are randomly ordered (tem- 
у, the shifting of locations seems to 
Sr E clustering (compare Sb Tr and 
d with Sc Tb). It is tempting to 
Dati; IT that shifts of attention from one 
the = location to another may interrupt 
n estote. ot rehearsal sets based 
ын contiguity. И items m the 
e ш set tend to be recalled 
tiguo er, interruption of rehearsal of con- 
and i items could influence recall order 
e erefore, clustering. Clustering would 
po educed by this interruption if tem- 
Porally contiguous items were related, (Sr 
н and augmented by an 
E m if temporally contiguous items 
Hong). о, related (Sr Tr and Sb Fr condi- 
require However, this hypothesis, would 
his v: additional testing not provided by 
Study. 
рм only temporal organization in- 
tend с recall and clustering, the results 
that d. support Puff's (1966) hypothesis 
thereto. summation of priming effects and 
bora] d clustering, increases. with tem- 
d ontiguity of the related items. 
dig, ever, it seemed possible that. the 
ences between temporal and spatial 
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a function of trials, Exp. 1. 


bases of organization might lie in the ease of 
discovering the organization. While tem- 
poral blocking can be discovered by 
comparing successive items, discovery of 
spatial blocking requires remembering the 
window location of the previous instance 
of the category. Therefore, the experiment 
vith instructions added in 


was replicated У 
order to make the spatial basis of organi- 


zation more obvious to Ss. 
EXPERIMENT П 


Experiment П replicated Exp. ! with 
two modifications. First, the control condi- 
tions were eliminated, since the main 
concern was with further testing the 
effectiveness of spatial organization on 
performance. The second modification was 
instructing 5s about the categorical nature 
of the list and how the list was organized. 
The materials and the apparatus were the 
same as in Exp. І, 

Design.— The design was basically. the 
same with only four of the conditions, 
namely: Sr Tr, Sp Tr, Sr Tb, and Sb Tb. 

Subjects —The Ss were 56 female intro- 
ductory psychology students. —. he SS 
were randomly 1 to conditions 


assignec and 
lists as they arrived at the laboratory: 


as the same 


Procedure.— The procedure w с 8 
as in Exp. 1, except for the additional 
told that the 


instructions. All Ss were 


=" 
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Fic. 2. Mean recall and ratio of repetition scores as a 


function of trials, Exp. II. 


list contained words belonging to five 
categories. In addition, Ss in the condi- 
tions with temporal blocking were told 
that words from the same category would 
always be shown consecutively. The Ss 
in the conditions with spatial blocking 
were told that words from the same 
category would always appear in the same 
window location and that there were five 
window locations. The Ss in Cond. Sb Tb 
received instructions about both temporal 
and spatial organization, in that order. 


Results and Discussion 


The mean recall and clustering scores 
over trials are shown in Fig. 2. The 
organization of the lists affected both the 
number of words recalled and clustering. 

Recall.—The main effect of trials was 
significant, F (2, 96) = 295.27, p< 001. 
Neither spatial condition, temporal condi- 
tion, nor the Spatial X Temporal inter- 
action reached significance in recall, Fs 
(1, 48) = 1.25, p > .25, and 1.37, p < .25, 
and 2.07, p « .25, respectively. However, 
all three blocked presentation groups 
showed a higher performance than the 
nonblocked groups, and a blocked-non- 
blocked linear comparison reached signifi- 
cance, F (1, 48) = 4.68, р < .05. The 
Spatial Condition X Trials interaction also 


reached significance, F (2, 96) = 4.14, Р 
< .05. Thus blocking of the input auni 
mented the number of words recalled p^. 
small amount. After the first trial, i | 
organized input had equal effect on reps in 
Cluslering.—The effect of trials was a 
significant, F (2, 96) = 59.40, р < "i 
Also, under these conditions, Ss were à al 
to use the consistent spatial locations А 
category items to facilitate recalling rela : 
items together. Both spatial and tempor? 
blocking augmented clustering, Fs t. 
= 7.48, p < .005, and 18.02, р <. Sm 
respectively. The Temporal < onditi А 
X Trials interaction was significant, = 
(2.96) = 3.69, р < .05. Separate ашуу 
of each trial indicated that while d 
cally significant on all trials, the d Бу 
temporal blocking diminished over пи 
Fs (1,48) = 19.16, 11.34, and 8.39 “al 
Trials 1, 2, and 3, respectively. ar 
blocking showed an increasing effect, | 
was significant only on Trials 2 + ? 
Fs (1,48) — 5.89, p « .05, and = 48) 
< .001, respectively; for Trial 1, F (1, 
uA, б: Вз И. 
One possible explanation for better el 
formance in the blocked groups !m nin 
experiment is that the extra соза РБ 
the instructions led Ss in these cem 
more easily identify the categories 


Ms 


= 


EZ 


EE я If Ss in the random group (Sr Tr), 
| han 55 in the other groups, categor- 
= m items in the list according to 
dam n did not correspond to E units, 
SN esu ee could be deemed artifactual. 
Ed. Шу was minimized by selecting 
E aln y high-frequency members of dis- 
list — in constructing à stimulus 
| + owever, to check the possibility 
| 
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"ceret extralist intrusions in 
Eb ears: NE condition were examined. 
Thirteea A a total of 15 extralist intrusions. 
The ad ee members of E categories. 
tivice ner 2 were contributed by one S who 
ин 2 “MARYLAND from the list 
MORE "E cities, one of which was BALTI- 
{пеш hus, the results seem to be a 
байо on of instructions making the organi- 
ie n of the lists evident and available 
a a by Ss. The data from the post- 
економ questions provide additional 
ibis for this conclusion. The Ss were 
iem whether the window location of the 
Ex pem them recall the words. In 
бош half of the Ss in the Sb Tb and Sb Tr 
the gin said “no. In Exp. п, попе of 
How s in the Sb Tr condition said “no. 
in ie slightly fewer than half of the Ss 
differs Sb Tb condition said "no. This 
„ере in the Sb Tb and Sb Tr condi- 
Ie De iim Ss were not just replying 
Чоп ir spatial location was men- 
Bin ER in the instructions. In addition, 1t 
en gests that when given two bases of 
A UR temporal and spatial (Cond. 
), some Ss may select which to use. 


GENERAL Discussion 


The focus of these experiments was the effect 


of spatial blocking on the recall and organi- 
zation of categorized word lists. It is evident 
that spatial blocking per se had no effect on 
clustering or recall; 1638 only after Ss were 
n instructions that each window in the 
кара drum was associated with a particular 
ш M of items that. spatial blocking had 
Gens ect. „After two trials under these condi- 
ТЕ ale ee blocking was as good as temporal. 
кеды Б: e that 55 have to learn the category 
лах to the windows before its spatial 
mios aids clustering. 

Contr = results strain а simple 

iguity explanation of augmented clustering 


temporal 


S^ = 
d authors wish to thank Leo Postman for 
sting that the extra, list intrusions be examined, 


as a function of blocked input. Even though 
Ss did not always show greater clustering as а 
function of spatial organization, they did so 
with instructions. This suggests that spatial 
coding of the categorized items is at least a 
two-stage process. The Ss must first learn 
which categories are associated with which 
locations before they use the locations to 
organize storage and/or retrieval. The un- 
instructed groups never learned the first stage. 
It seems that this difference between the two 
experiments is due to process differences as а 
function of instructions rather than directly 
to associative differences. The associative 
priming mechanism (Puff, 1966) can be modi- 
fied to allow for implicit elicitation of category 
names as a function of the spatial arrangement 
and instructions, but then this theory and the 
strategy theory (Cohen, 1966) are no longer 


incompatible. 
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EFFECT OF REPETITION OF STANDARD AND COMPARISO 


TONES ON RECOGNITION MEMORY FOR PITCH! 


DI: 


A DEUTSCH ? 
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In all conditions, pitch recognition was required after a 4-sec. interval during 
which four other tones were played. The effects of including in the interpolated 
sequence a tone at the same pitch as the standard (5) ог comparison (C) tone 


were investigated. 


When the S and C tones were identical in pitch, insert- 


ing in the interpolated sequence a tone at that pitch caused a reduction in 


errors. 


When the S and C tones differed in pitch, inserting a tone at the pitch 


of the S tone produced a reduction in errors and inserting a tone at the pitch of 


the C tone produced an іпсг 


с in errors. 


Inserting one tone at the pitch of the 


S tone and another at the pitch of the C tone produced no significant change in 
errors, compared with the condition in which no tone at either pitch was 


included in the interpolated sequence. 


Several studies have been made of 
recognition memory for pitch when the 
g у р 
tones to be compared are separated by а 
retention interval. Koester (1945) has 
demonstrated that memory for both loud- 
ness and pitch deteriorates with time, using 
the differential threshold (DL) as a mea- 
sure of memory. Bachem (1954) found a 
continuing deterioration of pitch recogni- 
tion up to a week, yet showing that we can 
maintain some sort of memory for an audi- 
tory stimulus over very long periods. 
Harris (1953) measured the DL with 
various interstimulus intervals (ISIs) under 
two conditions. When the standard tone 
was fixed at 1,000 cps, the DL was found 
to remain constant at around 4 cps for 
1515 of up to 3.5 sec., with a decline of only 
.8 cps with an ISI of 15 sec. With a 
roving standard tone varying in frequency 
95 5 ; : д 
from 950 to 1050 cps, no increase in the 
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DL occurred up to a 1.0-sec. 151. Then a 
linear increase in the DL was found up to 
13-sec. 151 where the DL was increased 
by 3.7 cps. It can be concluded that 
memory for pitch decays spontaneously 
with time. However, the amount of deteri- 
oration manifest in 15 sec. is small. 

Until recently, the effects of interpolated 
stimuli on pitch recognition have not been 
investigated. — Wickelgren (1966, 1969) 
has found that a tone incorporated be- 
tween the standard (S) and comparison 
(C) tones produces memory deterioration 
which increases with increased duration of 
the intervening tone. In an experiment 
designed to study the effects of increased 
interference in а retention interval of con- 
each separated by pus sede Me 
terval. A sedans T pem s zi 
polated during thi У сава b Inter 
always педала E oh ee Паје 
end of the S cn E b “ дес нег ko. 
the start of the С. ending 2 sec, betort 
tonal sequence con tone: The interpolates 
or eight tones spg i en of either four, 817 
remaining time du regularly within the 
cant increment | er 5 Pasten lly signifi- 
when the number муку was obtained, both 
ing the retention i ones interpolated dur- 
from four to six interval was increase 
Creased from EN р a Жа Бе waa Е 
cluded that ЕЕ а ошар It can be co 
Ject to interfetence for tonal pitch is sub- 

ce by other tones even 


£r. 


А. 
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B. EIE retention interval is held con- 

that Жс го (1970) has also reported 

Polated fee the number of tones inter- 

INE трт n. interyal of constant 
creases the number of errors in 


Pitch 
recogniti 

о : : 
Massaro ү, n. n this experiment, 


tones E the number of interpolated 
one and four. 

3 for кйш show clearly that 
ate with ds b К Чоев not simply deterio- 
rence fius nut is subject to some inter- 
А Cutsch, M А further experiment 

erference c ») has shown that this 
Eenera] te cannot be explained in such 
Ша. |; зав a distraction of attention 
Capacity aun in information storage 
һе incor à this study it was shown that 
terval o Poration during the retention m- 
required Spoken numbers, which Ss are 
Minimal ater to recall, produces only a 
Сорт ecrement in the same pitch- 
th ier. task as is severely disrupted by 
active tpolation of other tones. Inter- 
Within ^ аш must therefore take place 
The ta. Pitch memory store itself. 
Urther peti) experiment represents a 

оге. Te estigation into the pitch memory 
а тергеве was theorized that there must be 
item i урин in memory both of the 
time or е remembered, and also of the 
One н in which this item occurred. 
Кое di information about these 
at ч Ио ions by repeating the same item 
Mem e аи in point in time, since „here 
Aneousl order information are not simul- 
Used in |^ covaried. This procedure was 
Preliminary experiment described here. A 
Teport d Ty investigation of this nature 15 

ed in Deutsch (19702). 


METHOD . 


9f four interpolated tones, and later, after à 
rememb?, ar tone. "The Ss were instructed to try to 
Ones ir th the 5 tone, ignore the four interpolated 
tone У wished, and then to judge whether the 
tone, Was or was not the same in pitch as the 5 
Writing (wey then indicated their judgments by 
Nes wi same" or "different" on paper. All the 
Чоп еге of equal loudness, and 200 msec. 1n dura- 
he interval between the S tone and the first 
es UM tone was 300 msec. and the interpolated 

*re also spaced 300 msec. apart. А 2-sec. 


per *T- 


ON PITCH RECOGNITION 157 


pause was incorporated between the last interpolated. 
tone and the C tone. 

Conditions —The different conditions of the ex- 
periment are shown in Fig, Lo АХ can Ve seen that 
the presence or absence in the interpolated sequence 
of a tone at the pitch of the S tone was systematically 
oe was the presence or absence of a tone at 
the pitch of the C tone. Further, the placement of 
these critical tones in the interpolated sequence 
Мени varied between the second and 
brum Aa he entire tape consisted of 

К їчен! hese У presented in 12 groups of 
eight. Sequences within each group of eight were 
separated by 10-sec. pauses; and there were 2p. 
pauses between the groups. The sequences were 
arranged in random order with no separation by 
condition except that each group of eight contained 
four sequences in which the S and C tones were 
the same in pitch, and four in which they were 
different, to minimize the development of response 
biases. Also, no group of sequences contained more 
than one example of each 5 and C tone pitch (see 
below) so that pitch repetition. effects for these 
critical tones were minimized. The Ss listened to the 
entire tape on two different occasions and the results 
were averaged. 

S and C tones.—S and C tone pitches were taken 
from an equal-tempered scale (international pitch: 
А = 435) ranging from the C£ a semitone above 
ctaveabove. The frequenctes 


1 positions. 


в. 


middle C to the C an o! А 

employed were: C? = 274, D 4290, Dz = 308, 
E = 326, F 345, FS = 366. С 328, G2 = 411, 
А = 435, AZ = 161, В 488, C = 51. Each c 


these tonal pitches employed equally often 
within each condition, either as an S tone, or аз а ^ 
tone, or both. When the S and C tones differed in 
pitch, in half of the sequences the S tone was higher 
than the C tone and in the other half it was lower. 
Interpolated tones.—The interpolated tonal pitches 
were also taken from the equal-tempered scale 
(А = 435) and ranged from middle C to the C£ 
an octave above. The frequencies employed were: 


C = 259, CZ = 274, D = 290, 08 = 308, E = 326, 
Е = 345, ЕЁ = 366, С = # = 411, А = 435, 


AZ = 461, В = 488, С = 517, C#4 = 561. The 
tones in the intervening sequences were chosen ran- 
domly from this set, except that no sequence Con- 
tained repeated tones unless specified by the experi- 
mental condition. This restriction also covered 
repetition of tones separated by exactly an octave. 
Subjects. —Fifteen Ss participated in this experi- 
ment. These avere 14 University of California at 
San Diego undergraduates and 1 housewife and 
they were paid for their participation. The Ss were 
selected on the basis of obtaining a score of at least 
75% corréct on a small tape containing similar 
sequences. About one out of five applicants was 
accepted by this procedure. ‘ 
Apparatus —The tones were generated by a 
Ww avetek oscillator controlled by a PDP-9 computer. 
The output was recorded on high-fidelity tape. ‘The 
tape was played to Ss on a high-quality tape re- 
corder through loudspeakers with the loudness at г 
comfortable listening level. каша 
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NUMBER OF 
CONDITIONS TONES ERRORS JUDGEMENTS 
TEST INTERVENING PROBE 
i 2 $ A4 
|. Tal | LI LI LI LT 18.5% 720 
2. A A A 2.5% 360 


з. WLILFLRLTL КМ 33% 360 
4. МОЛИЛА Hl 9.2% 360 


5. А А B 17% 180 
6. А А B 2.2% 180 
if A B B 35.6% 180 
8. A B B 30.0% 180 
9i A ВОЈА B 15.6% 180 
10. A AL JB B 10.6% 180 


0 1 2 3 4 5 
TIME IN SECONDS 


Fic. 1. The different conditions of the experiment with number of judgments and percentage 
of errors made in each. (Each condition is diagramed by a set of rectangular elevations, cach o 
which indicates the presentation of a tone. The scale at the base of the figure indicates the time 
during which each tonal sequence is pla The initial elevation in each sequence indicates that 
the S tone occurred. The next four elevations labeled 1, 2, 3, and 4 indicate that the interpolated 
tones occurred, and show their serial position. The final elevation indicates that the C tone 
occurred. The initial elevations in all the sequences are labeled A and indicate the S tone. When 
the symbol А occurs elsewhere in a sequence, this indicates that a tone at the same pitch as the 5 
tone occurred at that time. Those final elevations which are not labeled А are labeled В. This 
indicates that the C tone differed in pitch from the S tone. An elevation in the intervening 
sequence labeled B indicates that a tone at the pitch of the C tone (when this differed from the 


S tone) occurred in the indicated position of the intervening sequence.) 


RESULTS 


The results of this experiment are shown 
in Fig. 1. 


Effects of the Interpolated Tones 


The effect of inserting a tone at the pitch 
of the S tone, when the S and C tones are 
identical in pitch is shown by comparisons 
of Cond. 1 with Cond. 2 and 3. A consider- 
able reduction in errors is produced. For 
both comparisons, this improvement is 
significant on sign tests beyond the .001 
level. 

Тће effect of inserting a tone at the 
pitch of the S tone when the S and C tones 
differ in pitch is shown by comparisons of 


Cond. 4 with Cond. 5 and 6. An improve 
ment in detection of a difference between 
the S and C tones is produced. This effect 
is significant for both comparisons O” 
Wilcoxon tests beyond the .01 level (60° 
tailed). 

Тће effect of inserting a tone at the 
pitch of the C tone, when the S and С 
tones differ in pitch is shown by compat!” 
sons of Cond. 4 with Cond. 7 and 8. ! 
can be seen that a striking increase 1° 
errors occur. For both comparisons, thi$ 
effect is significant on sign tests beyon 
the .001 level. 

The effect of inserting two tones, one at 
the pitch of the S tone and the other at the 
pitch of the C tone when the S and C tones 


differ in pitch, is shown by comparison of 
Cond. 4 with Cond. 9 and 10. Here there 
are no significant differences in the num- 
ber of errors, on Wilcoxon tests (p > .05, 
two-tailed). Thus, the dramatic increase 
in errors produced when the C-tone pitch 
alone is included in the intervening se- 
quence does not persist when the S-tone 
Ditch is also included in the same sequence. 
In fact, the reduction in errors produced 
both when Cond. 9 is compared with Cond. 
y and also when Cond. 10 is compared 
With Cond. 8 is significant on Wilcoxon 
tests beyond the .01 level (two-tailed). 
ET hus the benefit to discrimination produced 
РУ inserting the S-tone pitch in the inter- 
Véning sequence effectively counteracts 
the damage produced by inserting the C- 
lone pitch in the same sequence. 


Serial Position Effects 


Including in the intervening sequence a 
tone at the pitch of the S tone produced 
а greater reduction in errors when the 
Critical tone was in the second serial posi- 
Чоп than in the third. This was true both 
When the S and C tones were identical 

"ond. 2 compared with Cond. 3) and also 
When the S and C tones differed in pitch 

ond. 5 compared with Cond. 6). 

Including in the intervening sequence а 
tone at the pitch of the C tone, when the 
3 and C tones differed in pitch, produced 
а greater increase in errors when the critical 
tone was included in the second serial 
Position than in the third (Cond. 7 com- 


PS with Cond. 8). 
/hen tones at both t ; 
lone and the C tone were included gem 
Same intervening sequence: ce ae det 
Sreater when a tone at the p! nd ке 
^ne was included !? E vite "een 
positi a tone at the 4 
Sition and a Jim mira М 
Cne ; oie еа {һап when the serial 
"AC їп e , 


iti T tical tones were re- 
Positions of these tien! with Cond. 10). 


Ve comp: Р Пуне 
| ndo significant on» Wilcoxon 
ifferen „wo-tailed). 
te = Jevel (W cnl ids 
аге н. sas one of ак“ m 
ough out , all the trends de- 
Statistical sign! s tent with the following 
Scribed are СОЛУ the included tone was 
Seneralization * 
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closer in serial position to the S tone, there 
was an increased tendency to identify its 
pitch as that of the S tone. 


Effect of Lower Compared with Higher 5- and 
C-Tone Pitches 


With the S- and C-tone pitches in the 
lower half of the range employed in this 
study (274-366 cps), errors were greater 
than with the S- and C-tone pitches in the 
upper half of the range (388-517 cps). 
Errors in these two conditions were at 
15.5% and 9.7%, respectively. This effect 
is significant on a Wilcoxon test beyond the 
.01 level (two-tailed). It may be explained 
by considering that the equal-tempered 
scale is a ratio scale, and so absolute differ- 
ences in terms of cps increase as the scale 
is ascended; yet the DL for pitch over the 
range employed here remains roughly 
constant in absolute terms as the scale is 
ascended (Shower & Biddulph, 1931). 
Discrimination would therefore be easier 
at the higher frequencies since here the 
absolute-pitch differences between S and 
C tones are greater. In this experiment, 
however, all S- and C-tone pitches occurred 
equally often in all conditions. 


DISCUSSION 


Ап attempt at rigorous theoretical quantifi- 
cation in explaining these results appears pre- 
mature; however, a theory can be suggested 
which seems to be most in accord with the 
findings. 

It is proposed that memory for the pitch 
of а tone is laid down simultaneously both on 
a pitch continuum and also on I 


4 а temporal con- 
tinuum, 


: This may be represented as in the 
three-dimensional diagram in Fig. 2. A tone 
is here represented as laid n RET 
the form of a three-dimensional bell-shaped 
distribution. As time proceeds, this distribu- 
tion spreads in both directions, but particularly 
along the temporal continuum. Also with the 
passage of time, each distribution shrinks in 
height, and so the more recent the tone the 
larger the distribution representing it. When 
the distributions underlying two tones overlap, 
the overlapping portions sum. In this way, 
summation between distributions underlying 
tones presented at different points in time will 


oron due to the spread of these distributions 
along the temporal continuum. 


down in memory in 


Fic, 2, Proposed distribution underlying memory 


for the pitch of a tone. 


T It is further proposed that the decision as to 
whether a given tone presented at one point 
in time (in this experiment, the C tone) is or 
is not the same in pitch as another tone pre- 
sented at a different point in time (in this 
experiment, the S tone) is made in the following 
way. Assume that S divides the pitch con- 
tinuum arbitrarily into sections according to 
his knowledge of the quantal steps employed 
in the experiment. He similarly divides the 
temporal continuum into sections. He is also 
able to estimate the volume of distribution 
within each three-dimensional section (see Fig. 
2). Now when the C tone sounds, S examines 
the distribution in the section which corre- 
sponds to the same pitch as that of the C tone, 
and to the same temporal region as that of the 
S tone. He then compares the volume of dis- 
tribution in this section with those in sections 
Which are adjacent along the pitch continuum, 
but in the identical temporal region. If the 
volume of distribution in this section is much 
larger than those in neighboring sections in the 
same temporal region, S concludes that the S 
and C tones were the same in pitch. Con- 
versely, if the volume of distribution in this 
section is much smaller than in a neighboring 
section in the same temporal region, 5 con- 
cludes that the S and C tones were different 
in pitch. As the volume of distribution in the 
appropriate section becomes more similar to 
that in a neighboring section in the same tem- 
poral region, the decision as to whether the 
S or C tones were the same or different in 
pitch becomes increasingly more difficult and 
so errors more numerous. Thus, the degree of 
accuracy of discrimination is determined by 
the size of a ratio between two distribution 
volumes. 

The diagrams in Fig. 3 represent cross sec- 
tions of the model on Fig. 2 taken at the point 
along the temporal continuum representing the 
presentation of the S tone. The two adjacent 


DIANA DEUTSCH 


sections are arbitrarily labeled А and B to 
conform to the terminology in Fig. 1 and repre- 
sent a semitone difference in pitch. The S tone 
is always A and the С tone is either А or В. t 
In Fig. 3, a, по tone either at pitch A ога 
pitch B occurs in the intervening sequence. 
The distribution at this point in time is Heg 
fore almost entirely due to presentation of Е: 
S tone А. (There will be some spread E le 
presentation of other tones at least a W i 
tone removed from A but for the purpose t: 
simplicity this is not considered at presen 
In this experiment, such tones are гапбоши 
presented.) There is therefore а substan he 
difference in the amount of distribution in E 
А section compared with the B section; о. he 
ever, errors will still be made due to 
distribution in the B section. tone 
In Fig. 3, b, a tone at the pitch of the 5 сё 
(A) is included in the intervening seque! ne 
The distribution underlying this included p 
will spread along the temporal continuum ^c 
sum with that already existing due to prese f 
tion of the S tone А. The result shown In io 
3, b, will be an increased volume of distribu oh 
most specifically in the A section of the un 
continuum. The proportional difference 
tween the volume of distribution in wo 
section and neighboring sections will there nie 
be increased; and discrimination will beco 8 
more accurate. "This would explain the 
crease in errors produced by inclusion у both 
S-tone pitch in the intervening sequence: itch 
when the S and C tones are identical in P 
(Cond. 2 and 3 compared with Cond. cin 
also when the S and C tones are differs 
pitch (Cond. 5 and 6 compared with Conc: 
Further, the closer in time this includec 
is to the S tone, the more will its distribt a 
overlap with that of the S tone and the grr ai: 
will be the resultant improvement 11 ise im- 
nation. This would explain the gene. the 
provement in performance found ep 
included tone A is presented in the second : Y 
position of the intervening sequence Co ition 
and 5) compared with the third serial рог 


(Cond. 3 and 6). 


tion 


слоге 
uence: 
juded 


and sum with that already existing dus ей 
existing at the point along the tempor 
tinuum representing the presentation 
S tone A will therefore look somewhal p 
Fig. 3, c. It is can be seen here that od 
portional difference between the volu! 


of t 
i ав 
ro- 
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(c) А B 


(4) А B 


Cross sections of the distributions underlying memory for the 


pitch of a tone under different experimental conditions. 


distribution in Sections ^ and B is now de- 
ma so discrimination would become more 
would t and errors more numerous, This 
7 and uum the increase in errors 1n Cond. 
S compared with Cond. 4. F urther, the 
tbne AS time the included tone B is to the 5 

пе А, the more will its distribution overlap 
With that of the S tone, and so the greater will 
be the decrement in performance. This would 
explain the greater increase in errors found 
When the included tone B is presented in the 
Second serial position of the intervening 
Sequence (Cond. 7) compared with the third 
Serial position. (Cond. 8). One should also 
expect from this theory that accuracy of per- 
formance in Cond. 1 (5 and C tones identical 
in pitch, with this pitch not included in the 
Intervening sequence) should depend very 
much on whether or not а tone ~ semitone 
removed from the S tone is included in the 
intervening sequence. Such an inclusion 
should produce a substantial increase in errors. 
Although there is no condition in this experi- 
ment which formally tests this prediction, it 
was found that in 8 of the sequences in Cond. 1, 
there was no such inclusion ; and in 16 of the 
Sequences, a tone à semitone removed from 
the S tone did indeed occur in the intervening 
sequence. Analysis of errors on this basis 
showed that where there was по such inclusion, 
errors were only 12:170 and where there was 
Such an inclusion errors increased to 21.7%. 
Such a finding would be expected on the present 
theory. А 

In Fig. 3, d, tones both at the pitch of the S 
tone and also at the pitch of the С tone are 
included in the intervening sequence. This 


causes both the effects shown in 3, b, and 3:6; 
to occur. Thus, the volumes of distribution 
in both Sections А and B are increased; an 
so a considerable difference between them is 
retained. Discrimination should therefore be 
relatively easy. This would account for the 
nullification of the damage to discrimination 
produced by inclusion of a tone at the pitch of 
the C tone in the intervening sequence (Cond. 
7 and 8) by the inclusion also of a tone at the 
pitch of the S tone (Cond. 9 and 10). Further, 
a powerful serial position effect should be 
expected in this condition, since here the serial 
positions of the included tones at both Pitch 
A and at Pitch B are simultaneously reversed. 
And a statistically significant serial position 
effect is indeed found when Cond. 9 and 10 
are compared. One should also expect from 
this theory that accuracy of performance in 
those sequences in which the S and C tones 
were the same in pitch, with a tone at that 
pitch included in the intervening sequence 
(Cond. 2 and 3), should depend on whether 
on ње и њи је removed from the S- 
sequence. Alth ih pua т, the cr 
which fma : p there is no condition 
found that | en ha pars Mc 
СИНӘ узи ipii of the 24 sequences in 
БОЮ etn ни зеде was no such inclusion and 
NE Fani ee such an inclusion did 
ТЕ c perm the о оета on this basis showed 
ere БЕСА. ж m w ae no such inclusion, errors 
ЕЧЕН, aa nd where such a tone was in- 
ee ‚© rs rose to 3.7 o- This increment in 

rs was in the direction predicted by the 
theory. 


It is apparent from this study, as well as 
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from that described in Deutsch (1970b), that 
tonal pitch deteriorates rapidly in the presence 
of other tones. This finding has important 
bearing on theories of musical information 
storage. It has been suggested by several 
theorists (Cohen, 1962) that musical infor- 
mation (with particular reference to pitch 
information) is retained in its absolute form 
in an information store of limited channel 
capacity. However, the rapid deterioration 
of pitch information found in these experiments 
demonstrates that most of us are incapable of 
short-term storage of more than a minimal 
amount of absolute-pitch information, in a 
situation where other tones are also presented. 
Further, even when highly selected Ss are 
used, so that the average level of performance 
on this task is very high, it is demonstrated 
in the present experiment that the presence 
of a critical tone in the middle of a sequence 
can have a highly deleterious effect on the 
recognition of the first tone in that sequence. 
We may recognize that a certain tone had 
occurred in a sequence without being able to 
tell whether it was or was not the first tone in 
that sequence. 

It must be concluded from these findings 
that we cannot store transitional probabilities 
between tones with any success. 
gested instead that information 
absolute pitch is rapidly 
we store pitch information in an abstracted or 
recoded form. This conclusion is quite con- 
sistent with everyday knowledge of musical 
information processing. We recognize a 
tune much more readily than we recognize 
what key it was played in. The same argu- 
ment holds for recognition of harmonic se- 


It is sug- 
concerning 
discarded, and that 
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quences; since not only are these transposable, 
but also their component chords are invert- 


able. A theory of how pitch information is 
abstracted has been described by Deutsch 
(1969). 
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The Ss were required to press 
when one of two stimuli (either 
figure could appear in one 


in which they could not see the positi 


effects were found in both 


alone. The results also suggest tha 


horizontal. 


in Previous experiments have shown that 
à situation in which the response keys 
are placed to the left and right of S and 
Jl cue stimuli are presented to his left 
Whe right as well, the reaction time 1$ less 
Ent the cue stimulus and the responding 
qun yer are on the same side than when 
bili are on opposite sides. This compati- 
ti y effect is found even though the posi- 
E of the stimulus is not a relevant cue 
2s the response (Craft & Simon, 1970; 
ponen & Rudell, 1967; Simon & Small, 
969). In addition, these relationships 
| оне cue stimulus, responding hand, and 
action time, are found whether or not 
be hands are crossed (Simon, Hinrichs, & 
“raft, 1970; Wallace, 1971). This indi- 
cates that the relation between the position 
of the cue stimulus and the particular part 
of the body used to make the response is 
not important for this effect; rather, it is 
the position of the cue and the position of 
the responding member that determines 
the difference in reaction time. This, in 
turn, suggests that the cue and the re- 
sponding member should both be con- 
Sidered as inputs which are then analyzed. 
When the positions of the cue and the 
hand are similar, this analysis results in 
the facilitation of the motor output related 
to that hand (for further discussion of 
these ideas see Wallace, 1971). 
The present experiments are similar to 
! Requests for reprints should be sent to Richard 


Wallace, Department of Psychology, University of 
regon, Eugene, Oregon 97403. 


of four positions 
below, left, or right. In each of the experiments, Ss were run under conditions 


experiments, 
when the positions of the responding members 


cither of two keys placed to their left and right 
anoutline circle or square) was presented. 


The 
around a fixation point: above, 
ons of their upper limbs. Compatibility 
showing that such effects can occur 
are specified by К nesthetic cues 
t the coding of stimulus and response 


position was in terms of left and right rather than specific positions along the 


the previous experiment by this author 
(Wallace, 1971), except that Ss could not 
see their limbs at any time during the ex- 
periment. Therefore, information about 
the position of the responding member must 
be derived from somatosensory ог motor 
systems. If the same effects are found here 
as in the previous experiment, it can be 
concluded that position information from 
these systems can be correlated with in- 
formation from the visual system to pro- 
duce these compatibility effects. 

In addition, these experiments provide 
evidence about another characteristic of the 
hypothesized spatial code which was left 
ambiguous in earlier compatibility experi- 
ments. In the experiment by Wallace 
(1971), for example, the response keys were 
directly beneath the left and right positions 
of the cue stimuli. Therefore, it is not 
clear to what degree the spatial coding was 
in terms of specific positions along the 
horizontal, or in terms of intervals along 
this dimension. In the Wallace experi- 
ment, the simplest form of interval coding 
would have been in terms of two intervals, 
i.e., all those positions to the left or to the 
right of some reference point, e.g. 1978 
midline. In this case, as long as the posi- 
tions of the cue stimulus and the respond- 
ing member were both on the left, or the 
right, the response would be facilitated. 
In the present experiments, the cue stimuli 
are identical to those used previously 
(Wallace, 1971), while the response keys are 
farther apart. Thus the positions along 
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TABLE 1 


Mean REACTION TIMES IN 
MILLISECONDS 


Position of figure 
Cond. 


Response 


Left | Right | Top | Bottom 


Kinesthetic cond, 


Hands uncrossed | Left key 422 462 452 456 
Right key | 477 414 439 441 
Left key 448 499 450 480 


Rightkey | 519 457 494 471 


Hands crossed 


Nonkinesthetic cond. 


Hands uncrossed | Left key 396 455 430 414 
Rightkey | 421 382 411 401 
Hands crossed Left Кеу | 439 489 484 464 
Rightkey | 496 455 471 469 


the horizontal are no longer the same, al- 
though they are still on the left and right. 
"Therefore, a comparison of the size of the 
compatibility effects in the two experi- 
ments may indicate the degree to which 
these different types of coding are involved. 


EXPERIMENT I 


Method. 


Subjects.— l'wenty-four male and female students 
of the University of Oregon served as АП were 
right-handed and had at least 20 0 vision. Each 
S was paid $1.50 for the s on. Upon being 
questioned at the end of the session, all but 1 of 
the Ss indicated that they were not aware of the 
Purpose of the experiment. The 15 was included 
anyway; his data did not differ obviously from that 
of the others, 

Materials and apparatus.—These were similar to 
those of a previous experiment (Wallace, 1971: 
Exp. I) and involved only two chanzes. The first 
was that the response keys (3 cm. wide) were placed 
about 27 cm. apart, or about 15 cm. on either side 
of S's midline. The second change is discussed 
under the Procedure section. 

Procedure—The Procedure was similar to that 
of the previous experiment, On each trial, S fixated 
on a dot in the center of the field of a tachistoscope. 
About 1 sec. after the warning signal, given by E, a 
figure, either an outline circle or Square, was рге- 
sented for 80 msec., either to the left or the right 
or above or below the fixation point. 1f the figure 
was a circle, 5 had to press the left of two keys 
placed before him; if it was a square, he had to 
press the right key. ы a 

Each .$ was run for 1 session of 128 trials. The 
Ss were run in a 2 X 2 design with six Ssina group. 
The first dimension of the design had to do with 
whether .S was run with his hands uncrossed, so 
that his left and right hands were on the left and 
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right keys, respectively, or with his hands crossed 
so that his right hand was on the left key, and vice 
versa. In both of these conditions, .5s pressed the 
response keys down with their middle fingers. For 
the hands-crossed conditions, three Ss were run 
with their right hand over their left and three еш 
run in the opposite fashion. The second апела 
had to do with whether S could see his hands on the 
response keys between trial blocks. The folios 
procedure was used to prevent 5 from sein 
hands. During the experiment, S wore à haa 
made from a piece of cardboard about 3 ft. W E 
with aluminum straps, which were placed over 4 
shoulders. А piece of cloth also 3 ft. wide was ut 
at one end and stapled onto the cardboard so tha 

it fit around S's neck; the other end was attache! 

to the table on which the tachistoscope гей 
Thus, when 5 had the halter on and was абай 
before the tac istoscope, he could not see any i. 
of his upper limbs or the response Кеуз. In M 
to get 5 into the halter without him seeing ri 
response keys, he was brought into the ie 
mental room blindfolded; in addition, the roe 
was darkened and the halter was placed ove E 
response keys. T 


While wearing the halter, pee 
able to lean forward to look into the tachistoscor 
and to lean back in the chair during the pes 
between blocks of trials; the length of the coe 
between its attachments was, of course, made EU. 
enough that it did not rest on his hands when in 
was leaning forward. The two conditions run ag 
this way will be called the kinesthetic condition 
The two other conditions, in which Ss were E 
without the halter and could therefore see UE 
hands, will be referred to as the nonkinesthe 
conditions. 

Data. analysis.—A repeated-measures 
variance was used to analyze the results. 
kinesthetic and nonkinesthetic conditions 
analyzed separately. In addition, the left and Er 
positions of the cue stimuli were analyzed separa еге 
from the top and bottom positions. Analyses hot 
made for both reaction times and errors, 50 са 
there was a total of eight ANOVAs. In each ЖЫЙ: 
sis there were four factors: Ss, position (of mt 
stimuli: either left and right or top and bortam 
key (left or right), and condition (hands uer 
or crossed). Error reaction times were not ppt 
in the analysis, nor were reaction times үн һеге 
In the kinesthetic hands-crossed condition t 


ss of 
analysis 
analy The 
were 
ight 


эй б -inesthetiC 
was one such reaction time, and in the nonkinest 
hands-crossed condition there were four. 
Results 
ven 


The results of this experiment are giv 5 
in Table 1. Тһе compatibility effects ы, 
found in all four conditions and were ађоч“ 
the same size in each. aa 

The analyses of variance will be ai 
cussed beginning with the reaction be ~ 
ANOVAs and the kinesthetic conditions, 
In each ANOVA, the term which is relate 


S-R COMPATIBILITY WITH KINESTHETIC CUES 


to the compatibility effect is the Position 
А interaction. : For the left-right 
"p s the only significant effect was 
the Position X Key interaction, Р (1, 5) 
ЕР < .005. For the corresponding 
om ANOVA, only the Position 
К^ Condition interaction was sig- 
RN Pi, 15) = 7.3, р < 05. This is 
t a compatibility effect was also 
me ha x the top and bottom positions in 
Pid ae s-crossed condition (see Table 1 
iscussion section). 
low nonkinesthetic conditions, the 
е i eflects were significant in the 
* ent ANOVA: Position X Key, Ё (1, 
4 EU, р < .001, condition, P (1, 5) 
"6, р < .05, and Key X Condition, F 
the a = 1.2, р < .05. The significance of 
E. ge X Key and condition effects 
E е to the compatibility effect and 
Eun responses in the hands-crossed 
ition ae respectively. р he Key X Con- 
Ae i 1 ннер was significant because 
" C ht hand was faster whether or not 
E. ands were crossed. For the top- 
m ү ANOVA, the effect of condition 
in ү шш F (1,5) = 12.0, p < .025. 
M. ue error ANOVA, for the kinesthetic 
E. po the Position x Key interaction 
NN gnificant in both the left-right and 
03 Ottom analyses, Е (1, 5) = 34.1, p < 
Bu (1, 5) = 12.0, р = .025, respec- 
the i Por the nonkinesthetic conditions, 
hi oe x Key interaction was sig- 
= їп {һе left-right ANOVA, F (1, 5) 
ni = , p < .005, and there were no sig- 
Sis. PE effects for the top-bottom analy- 
For n each of the four conditions, the 
1 rate was 5% or less. 
mu four conditions, as in the earlier 
К (Wallace, 1971), for each re- 
апа in ле mean reaction dues to the top 
о the n positions fell in between those 
pan and right. In the previous ex- 
Adin at, it was suggested that such a 
d I: Pec that there is both facilita- 
incom aaa s in the compatible and 
ч Mee ible conditions, respectively. The 
oe results indicate that this is also the 
€ when 5 cannot see his hands. 
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ExPERIMENT П 


In the previous experiment, in the kin- 
esthetic conditions, 5s located the response 
keys by moving their hands until they felt 
the keys. It is conceivable that informa- 
tion about the position of the responding 
member was provided by such movements, 
through reafferent input, or согоћагу dis- 
charge (efference copy) from motor com- 
mand units at some level in the nervous 
system (cf. vonHolst, 1954) That is, 
since there is a pattern of input from 
muscle and joint receptors which is cor- 
related with the movement to the response 
keys, and since a pattern of activity in a 
set of motor command units is also cor- 
related with such movement, the informa- 
tion contained in either or both could be 
used in determining what movement had 
been made and what end position had been 
reached. The first two conditions of Exp. 
II were run to determine whether these 
active movements did have an influence on 
the observed compatibility effects. In the 
third condition, there was one further 
alteration in that the instructions as to 
how to respond were stated in terms of the 
hand that was to press the key rather than 
the key that was to be pressed down. 
Although such compatibility effects have 
been demonstrated using "hand" instruc- 
tions (Simon et al., 1970), it was felt that 
it was important to determine the possible 
effect of “key” instructions in the present 
situation, where the cues for the position 
of the responding member were minimal. 


Method 


Subjects —Twelve male and female students of 
the University of Oregon served as Ss. All were 
right-handed and had 20-20 vision. Each was paid 
$1.50. Questioning revealed 1 5 who had guessed 
the purpose of the experiment. 

Materials and procedure—These were similar to 
those of the kinesthetic conditions of Exp. L with 
the following differences. After the instructions 
were given, 5's hands were moved one at a time by 
E from a midline position to the appropriate re- 
sponse key; while this occurred, S was instructed 
to keep his arm relaxed. Once in position, the arm 
was strapped down, so that during the experiment 
his arms could not move more than a few centi- 
meters in any direction. The Ss responded with the 
forefinger of each hand. Four Ss were run in each 
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> 
ТАВГЕ 2 
MEAN Reaction TIMES ІХ MILLISECONDS 
Position of figure 
Cond. Response E 
Left Right Top Botto! 
Hands uncrossed: “key” instruc- 
tions S Left key 378 449 432 ES 
Right key 446 384 404 492 
Hands crossed: "key" instructions | Left key 451 500 487 199 
Right key 526 467 485 469 
Hands crossed: "hand" instructions Left key 432 477 455 485 
Right key 490 475 ё. 480 


of three conditions: hands-uncrossed key instruc- 
tions, hands-crossed key instructions, hands-crossed 
hand instructions. In the key instruction condi- 
tions, as in previous experiments, Ss were told to 
press the left key if the figure was a circle and the 
right key if it was a square. In the hand instruction 
condition, Ss were told to respond with their right 
hand if the figure was a circle and with the left 
hand if it was a square. In the hands-crossed con- 
ditions, all Ss were run with their left hand over 
their right. 

Data analysis.—The key conditions were analyzed 
together, the hand condition separately, in a fashion 
similar to Exp. I. Three reaction times, from one 
5, in the key hands-crossed condition were over 1.5 
вес. and were not included in the analysis. 


Results 


The results of this experiment are given 
in Table 2. The compatibility effects for 
the left and right positions were found in 
all three conditions. In the analyses of 
variance for the key conditions, the Posi- 
tion X Key interaction was significant for 
the left-right analysis, F (1, 3) = 77.3, 
Ё « .005, and the Key X Condition inter- 
action was significant for the top-bottom 
analysis, F (1, 3) — 25.6, P < .025, for 
the reasons discussed before, For the hand 
condition, the Position x Key interaction 
was significant in the left-right ANOVA, 
F (1, 3) — 43,8, b < .01. In addition, the 
key effect was significant, F (1, 3) = 170.3, 
p < .001, because the left key (right hand) 
was faster than the right key, 
no significant effects 
ANOVA. 

Тће only significant effect in any of the 
error ANOVAs was the Position x Key 
interaction in the left-right analysis for the 
key conditions, F (1, 3) = 49.0, р < (01. 
]n the hand condition, the errors showed 


There were 
in the top-bottom 


the expected pattern, but the Position Ж 
Key term was not quite significant, / ой) 
= 9.0, .05 < p < .10. In each condi | 
the error rate was 4% or less. 

Again, the mean reaction times fo itions 
response to the top and bottom pos! a 
were between those for the compatible 2 
incompatible S-R pairings. 


? 
r each 


DISCUSSION - 
pility 
when. j 
seems 


ollatY 


The experiments show that the compat! 
effects are found in this situation even 
S cannot see his hands. Experiment 1 | 
to rule out any form of reafference or CO! 
discharge during active movement as nec 
for the effects. Therefore, information а 
the position of the responding member 
be derived from input to somatosensory B 
tors. Tactile inputs may have served E one 
in the hands-crossed conditions, in whic EX 
arm was placed over the other. Hower ain 
is questionable whether such inputs ср о! 
enough information to specify the posi ед 
these parts of the body accurately, or У “ibs is 
this simultaneous stimulation of both MC cu 
sufficiently unambiguous to be used as is not 
for position. Finally, such information | ions 
available in the hands-uncrossed соп ae 
but the effects found in these conditions ssed- 
similar to those found with the hands 210 puts 
Therefore, it would seem that tactile ти n 
provided little or no essential D 8 
about the positions of the responding em the 
in these experiments. If this is true, Me. 
necessary information must have been ably 
mitted over kinesthetic pathways, presun sg 
from receptors associated with the D 58; 
(see Brindley & Merton, 1960; Provins, 

Rose & Mountcastle, 1959). 

Thus the experiments show | " 
larity in position of the cue mq 
sponding member, which results in fac 


receP* 
ues 


МЕ... 

that the а 
and | 

jitatio? 


р A——cDX——————————— e a ÓÁ— 


S-R COMPATIBILITY WITH KINESTHETIC CUES 


or interference, can involve a correlation of 
pation from visual and kinesthetic mo- 
ele some stage, inputs to both modal- 
m ы ently activate symbols in a com- 
нот which is related іп some way to 
Widerhe ~ space, and the operations which 
ув е compatibility effects must then 
Mi e D MEUM of this coding process. 
of She. usion is also suggested by the results 
fiios an OW elford, 1958), who used a roughly 
his Bore to prevent 5 from seeing 
B nent 5. | Тћезе data may be taken as com- 
Чоп E to experiments in which informa- 
на position of the cue stimulus is 
Do clits T pee auditory pathways and then 
alities ( with information from other mo- 
SS. e.g, Simon et ај, 1970; Simon & 

all, 1969). 

ert the nonkinesthetic conditions in Exp. 
E similar to those of Day 1 of the first 
except pris in Wallace (1971) in all respects, 
compari ле positions of the response keys, a 
effects EM of the sizes of the compatibility 
evidence these two experiments can provide 
interval on the question of position versus 
sizes of coding. In order to compare the 
way cd и compatibility effects in the same 
Eno kinesthetic conditions, a further 
directi "e was run in which the. two keys 
eec s below the cue stimulus positions were 
it зА Шы the Wallace experiment ; otherwise, 
Exp. I entical to the kinesthetic conditions of 
une nons present study. Analyses of 
{дз Were performed separately for the 
item se and nonkinesthetic and hands- 

at ie and hands-crossed conditions, so 
© the oam done in all; the effect related 
Shonse js erence in the placement of the re- 
Inte of ка will be called placement. For 
sitio the ANOVAs, the relevant effect, 
Сап i ^ Key X Placement, was not signifi- 
it Ni di 5) s 1.0, p > .20. For the fourth 
Жаш» ‘ S 5) = 6.8, P < .05. This was 
crossed) б this condition (kinesthetic, hands 
Шар ‚ the compatibility effects were some- 
м шер for the keys directly beneath the 
TH eae perhaps because the difference in 
The м» m salient under these conditions. 
Eben. үе suggest, then, that in the present 
оп ens coding of the positions of the cue 
а AP Lec. upon was soley in 
B der ntervals. It is doubtful that this is 
Ule gure a бн with poor resolution, since 
Share A inner keys were about 11 ст. 
GUN A which is a clearly discriminable differ- 
Ше бари Тће data are consistent with 
ШҮ a that in a situation with two respond- 

g members in left and right positions, the 
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coding of position along the horizontal which 
results in compatibility effects is in terms of 
left and right. 

Since the compatibility effects are related to 
whether the cue stimulus or responding mem- 
ber is on the left or right, it is conceivable that 
the code in question is a name code, consisting 
of the names "left" and “right.” Thus, if 
both the cue and responding hand are on the 
left side, they may both be classified as “left” ; 
and the similarity in classification could result 
in the facilitation of the response. However, 
an experiment by Simon and Rudell (1967) 
suggests that this is not the case. In this 
experiment, the cue stimuli were the words 
"left" and “right,” presented in either the 
left ear or the right ear. The Ss had to press 
the left of two keys when the word was “left,” 
and the right key for "right." Compatibility 
eflects were found between the ear stimulated 
and the key pressed; e.g. the left key was 
faster when the word "left" was presented in 
theleftear. However, these cue stimuli should 
be classified as "left" or "right" regardless 
of their position, because th the way they 
are naturally coded. Under the hypothesis, 
the responding members are also coded in the 
same way in this situation, so the classification 
should always be similar. Hence, with these 
cue stimuli there should be no compatibility 
effects. I am assuming, of course, that com- 
patibility effects in the present situation in- 
volve the same coding processes as those 
studied by Simon and Rudell, but there seems 
no reason to doubt this. Therefore, the code 
involved here is really a spatial code, but it is 
“degraded” so that there are only two values 
(along the horizontal). 

In addition to the left-right compatibility 
effects, some of the data from the hands- 
crossed conditions gives evidence for a top- 
bottom compatibility effect. That is, there 
was some tendency to code both the cue 
stimuli and the limbs involved in responding 
as on top or on the bottom, so that the limb 
on top was faster when the cue was above 
than when it was below the fixation point, 
while the limb on the bottom was faster when 
the cue was below. However, these effects 
were not consistently present, nor was there 
a consistent relation between similarity in 
position and faster reaction time. This in- 
consistency is, in fact, the reason for the 
significant Position X Key X Condition inter- 
action found for the top-bottom analysis in 
Exp. I, kinesthetic condition; there, Ss who 
were run with their left hand over their right 
performed in a manner opposite to that ex- 
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pected (in the nonkinesthetic condition there 
were no reversals, but a difference was not 
always present). In general, this effect seemed 
to be more consistent when the right hand was 
over the left. 

It should be noted that in this situation, 
above and below must refer to a different 
reference position in the case of the cue stimuli 
than in the case of the responding members, 
since both cue positions were above the posi- 
tions of the two hands. А similar finding has 
been made by Frost and Snyder (1970) for 
left-right compatibility effects. They found 
that if the response keys lie along the mid- 
sagital axis and the cue stimuli along the 
horizontal, the key nearest 5 is faster when 
the stimuli are on the left, and similarly for 
the far key and stimuli on the right (S pressed 
the keys with two fingers of his right hand). 

hus, it appears that even when the cue 
Stimulus and response positions form different 
arrays, positions in similar parts of their re- 


*In Exp. I of Wallace (1971), top-bottom com- 
patibility effects were also present; the size of the 
effects ranged from 25 to 43 msec. The same effects, 
although smaller, were found under kinesthetic con- 
ditions with the inner keys, Thus the effect also 
seemed to be more consistent when response keys 
7 cm. apart were used, perhaps, because in this case 
one hand was on top of the other hand (rather than 
one forearm on top of the other forearm). In order 
to determine Whether there is a Significant effect 
on reaction time in the hands-crossed condition to 
cues in the top and bottom positions, two groups 
of six Ss were run: one with the right hand over 
the left, the other with the left hand over the right. 
The Ss were run for one session with the two inner 
response keys. Top-bottom compatibility effects 
were found in both groups; the average effect in 
both cases was about 25 msec. For the right-over- 
left group the effect was significant (for the Position 
X Key interaction, Р (1,5) = 40.5, p< .005); but 


for the left-over-right roup it was F (1 
ма еј ight group was not, P (1, 5) 
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spective arrays can be compared, to produce 
compatibility effects. 
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LATENCY OF LOCATIN 


G LIGHTS AND SOUNDS? 


W. E. SIMPSON? 
State University of New York, College at Oswego 


As a complement to past research on the accuracy of visual and 
spatial localization, гес experiments inv 


Stimulus 
key pres 


and variablitiy of RT supported th 
processes are more complex than visu 


knowledge of the modality of a stimulus affected simple and locali 


auditory 
igated localization latency. 


;imuth and auditory intensity were varied as was response mode— 
ng or verbalization ("right," 
zation was compared against simple RT control data. 


"left"), Reaction time (RT) for locali- 
Analyses of mean RT 
e hypothesis that auditory localization 
al localization processes. Giving S fore- 
tion RTs 


equally, indicating that stimulus uncertainty did not affect localization per se. 


Objects can be localized in space more 
accurately using the visual perceptual 
System than using audition. For example, 
the error in pointing one’s unseen finger to 
а spot of light is less variable than when 
Pointing to a sound. Warren (1970) had 
adult Ss point to lights and sounds coming 
Tom a variety of azimuths. The standard 
€viation of the error of response was about 
:3* for visual targets versus about 5.0° for 
auditory targets. Inducing Ss to look in 
the direction of an invisible auditory target 
ee pointing resulted in improved per- 
Pme although this performance was 

All inferior to localization of visual targets. 
es Pick, and Klein (1967) summarize 
a trol data from several similar studies 

"ch further support the generalization 
таво іѕ а тоге ргесіѕе system (ог 

ization. In a quite different setting, 
En and Freedman (1967) studied the 
€cts of wearing a wedge prism upon the 
ability to align visual or auditory stimuli 
With the midline. Comparing pretest 
Versus posttest and trial-by-trial responses, 
the alignments made by control Ss, who 
did not wear prisms during "adaptation," 
Were more variable for auditory than for 
Visual targets. 
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One interpretation of these studies is 
that localization via the visual system in- 
volves less complex processing than audi- 
tory localization. The term complex is 
here used very generally. But Warren 
(1970) has shown one way in which the 
concept might be usefully conceived. If 
auditory localization is dependent upon 
the concomitant use of visual information, 
i.e, Warren's "visual map” or reference 
system, then auditory localization is neces- 
sarily more complex than visual local- 
ization. 

Our understanding of the processes in- 
volved in visual and auditory localization 
should be improved by considering dimen- 
sions other than precision of pointing. For 
example, a comparison of the times re- 
quired to locate lights and sound should 
give some indication of the relative com- 
plexities of the respective processes. 
Greater complexity of processing could be 
expected to be reflected in either or both 
of two ways, greater response latency or 
greater variability of response latencies. 
Perhaps the simplest example of localiza- 
tion processing would require S to indicate 
whether a stimulus had occurred on his 
left or his right. 'This was the task ex- 
amined in the present study. Reaction 
time (RT) in this localization task was then 
compared with simple RT, for which S was 
required to make a predetermined response 
to the onset of the same stimuli used in the 
localization task. 

One of the standard facts in the rep- 
ertory of psychology is that simple RT is 
about 40 msec. less to an auditory than to 
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a visual stimulus (Woodworth & Schlos- 
berg, 1954). Recent experiments by 
Kohfeld (1971) have shown this to be an 
overgeneralization. Kohfeld suggested 
that when visual and auditory stimulus 
intensities are adjusted to levels that cor- 
respond to comparable positions on their 
respective sensory continuua, visual and 
auditory stimuli may be responded to with 
equal speed. Thus, when a white light and 
a 1,000-Hz. tone were both set at 60 db. 
above their respective absolute thresholds, 
Kohfeld found that simple ЕТ was equal 
for the two stimuli. But a modality dif- 
ference did occur when visual stimuli were 
below the photopic threshold. That is, 
with stimuli set at 30 db. RT to the auditory 
stimulus was faster than to the visual 
stimulus. The factor critical for producing 
а modality difference in RT is therefore 
whether the visual stimulus activates cones 
orrods. An implication of Kohfeld's study 
is that the traditional modality difference 
in RT must reflect the use of experimental 
conditions in which either the stimuli were 
at scotopic (rod) levels or the visual 
stimulus was at a lower sensation level than 
the auditory stimulus. In the present 
Study, visual stimuli were located far 
enough in the periphery to stimulate pri- 
marily rods (see Geldard, 1953, p. 25) and 
therefore а modality difference in simple 
КТ was predicted. 

There has long been controversy over 
Whether it is valid to assume that the 
various component processes contributing 
to RT are combined additively (LaBerge, 
1971). In the present study, only an 
elementary and defensible version of addi- 
tivity need be assumed: that a stimulus 
must activate a receptor before it can be 
localized. The increment in localization 
RT relative to simple RT should therefore 
reflect the localization process.  Inter- 
modal comparison of localization RTs 
versus simple RTs should then indicate the 
relative complexities of auditory and visual 
localization. That is, if the modality dif- 
ference observed for simple RT is elimi- 
nated or reversed in the localization task, 
auditory localization is indicated as the 


more complex. If the modality difference 


is increased, the visual localization process 
is the more complex. In line with Warren $ 
(1970) results, above, the former relation- 
Ship was predicted here. That is, when 
progressing from detection (simple RT) E. 
localization, a greater increment in RT was 
predicted for auditory than for M 
stimuli. The hypothesized difference d 
complexity of auditory and visual locali 
tion also leads to a prediction about | б 
variability of RT responses. If localization 
processing is more complex for aud 
than for visual stimuli, then the variabili y 
of localization responses should be greng 
for auditory than for visual stimuli. + e 
such difference was predicted for simP 
RTs. 


EXPERIMENT I 
ed 10 


The major procedural problem fac д 
aliz 


comparing the times required to loca [5 
visual and auditory stimuli is the establis 
ment of comparable stimuli in the w 
modalities. A useful statement of a 
modal differences in localization oe 
hold over a range of stimulus characte” 
istics, e.g., specific locations and ерес 
stimulus intensities. Experiment 1 о 
to establish simple and localization RIS 
two loci, 30° and 60? off the midline. 1 
30? position was selected because it peen a 
to offer an easy right-left discriminat!07 
for both audition and vision. The Р 
locus was chosen to give a possible M 5 
tage to localizing the auditory stimu” 
That is, right-left discriminations are та! 
with less error as the stimuli are js t 
more lateral while at the same time VIE 
stimuli become less detectable (and en 
bright) in the periphery. Thus, if m 
parable intermodal effects are foun 2 
stimuli at both loci, the interpretation a 
intermodal differences in localization proc 
essing time will be shown to have generality 
Comparison of stimuli located more me б 
ally than 30? would be of little value 
since here an obvious advantage accrues 
the visual stimuli. к 
Method.—The Ss were 24 student volunteers (17 
males) from introductory psychology . bcd to 
Twelve Ss (6 males) were randomly assigned jj. 


: С RT 
each of two groups, one performing a rip 5 
task and the other a localization КТ task. 


ап“ 


LATENCY OF LOCATING LIGHTS AND SOUNDS 


ie facing the interior surface of a black-cloth 
misphere with radius 90 cm. А small fixation 
Ade visible at eye level directly in front of 5. 
сета was dimly illuminated but there were 
tion Y ues to preclude any loss of spatial orien- 
Scale ја ackground noise registered 55 db. (C 
110. сапан, Radio 1551-С meter). Four small 
Psion lamps (GE ЕЗА) served as the visual 
of the б Sil located at 30 and 60° left and right 
nts кооп point. Auditory stimuli were 800-Hz. 
just ап through four 2-in. speakers placed 
hind К the lights. All stimulus sources were 
duration Le cloth screen and were presented for a 
tory a AL msec. Using the 30° positions, audi- 
Suus b us loudness was matched to the visual 
mean ч brightness by 5 independent Ss and the 
cest те sound level, 60 db., was maintained 
peris the experiment. erimental Ss were 
verbal 5 to focus on the ion point when a 
а ready" signal was given before each trial. 
MU. foreperiod of 1-2 sec. was used. Eight 
Bondi. trials were given under the appropriate 
Ta ee (simple or localization RT). 
Be аде R r group, Ss W sked to respond 
reasons Y as possible by verb: g the arbitrary 
by Каа left” ("right"). Each response was used 
on whia the 5з. Ап S was allowed to discard trials 
Was dem | he judged himself unready, although this 
collected ү done (< 1% of the tria s). RTs were 
Dossibili for 15 randomized replications of the eight 
total бҮт, (light 30 left, sound 30? left, etc.), a 
Sti 120 trials for each 5. | | To 
the mu ind procedures were identical for Ss in 
moe tien ЕТ group with the following ex- 
"iei" а An 5 was required to respond “left” or 
asked it epending on the stimulus locus, and was 
of abo o Tespond fast enough to hold an error rate 
the Se 5%. Erred trials were replaced later in 
eee eens Thus, the two experimental con- 
тел. identical in terms of the stimuli and 
mature of involved and differed only in terms of the 
Voi о the intervening decision required of 5. 
ТРОН responses were transmitted by a throat 
es RE to a Grayson-Stadler E7300M voice- 
Se | ed relay which stopped a Hunter 1520 counter 
hich had been started at the onset of the re- 


acti sti T 
ction stimulus. RTs were recorded to the nearest 
millisecond. 


Results —In the localization condition, 
the mean error rate was 3% and did not 
differ for auditory and visual stimuli. At 
the conclusion of the experiment, Ss were 
asked whether it had been easier to respond 
5 опе stimulus mode. Only one S, in the 
ocalization group, indicated that the visual 
stimulus had been easier; most Ss in both 
groups said that the auditory stimulus had 
been easier. These indexes suggest that the 
auditory stimulus was certainly not dis- 
advantaged in present setting. Р 

A mean RT was calculated for each 
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TABLE ! 


Mean REACTION TIME AND STANDARD 
DEVIATION IN Mir CONDS FOR 
EXPERIMENT I 


Mode simple RT | Localia | Both tasks 
Auditory 
30° Azimuth 415 (61) 636 (116) 526(89) 
60° A 395 (61) 610(103) 503 (82) 
Both Azimuths 405 (61) 623(110) 514(867 
Visual у. 
309 Azimuth 431(51) | 615 (96) 523(74) 
60° Azimuth 458(64) | 617 (87) 538 (76) 
Both Azimuths 445(58) | 616 (92) | 531 (75) 
Overall 425 (60) 620(101) | 523 (81) 


Note.—Standard deviations are given in parentheses. 


azimuth-modality combination, collapsing 
right and left sides, for each S. These 
were subjected to а repeated- 


means 
measures analysis of variance. Group 
means are presented in Table 1. The 


standard error of a mean, estimated from 
the error mean square of the analysis of 
variance, was 11 msec. Significant sources 
of variance were task (simple RT less than 
localization RT), F (1, 20) = 21.5, p < 01, 
stimulus mode (faster responding to the 
auditory stimulus), P (1, 60) = 9.4, P 
< .01, and the Task X Mode interaction, 
F (1, 60) = 18.0, p < 01. A Scheffé test 
(Edwards, 1960) of the interaction indi- 
cated that simple RTs were shorter to the 
auditory than to the visual stimuli (405 vs. 
445 msec.) but that there was no difference 
between stimulus modes in the localization 
task (623 vs. 616 msec.). Azimuth was 
not а significant source in the analysis 0 
variance. Visual inspection (Table 1) 
indicated that RTs to auditory stimuli 
tended to be less at 60? than at 30? but that 
visual RTs tended to be less at 30° than at 
60°. This pattern is consistent with the 
logic used in establishing the loci for the 
experiment. Yet, at the level of precision 
of this study, the azimuth variable is not 
an appreciable contributor to variance, 
although task and mode are. This con- 
firms the generality of the fact that the 
relative superiority of the sound as à 
stimulus for detection is lost under the added 
requirement of localization. 
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То test the hypothesis of greater response 
variability when localizing sounds, the 
standard deviation was calculated for each 
S's responses to auditory and to visual 
stimuli at the 30? and at the 60? positions. 
These standard deviations were subjected 
to analysis of variance, and group mean 
standard deviations are included in Table 
1. Standard deviations were greater for 
localization than for simple RTs, F (1, 20) 
= 5.0, p < .05, they were also greater for 
auditory than for visual stimuli, F (1, 60) 
= 9.7, р < .01. In confirmation of the 
above hypothesis, the interaction of these 
variables was also significant, F (1, 60) 
= 4.7, p < .05. It is evident that response 
variability of simple RTs is the same for 
auditory and visual stimuli (even though 
the mean RTs are different) but that 
localization RTs are more variable for 
auditory than for visual stimuli (even 
though the mean RTs are not different). 
The Task X Azimuth interaction was also 
significant, F (1, 60) = 6.4, р < .05, and 
indicated that detection (simple RT) was 
less variable for the more medial stimulus 


locus whereas localization was less variable 
for the more lateral locus. 


ExPERIMENT II 


In the first ex 


d th periment the subjective 
intensities 


tensi of the visual and auditory 
stimuli were set by a cross-modal matching 
procedure, Intuitively this seemd to pro- 
vide a "fair" comparison of processing in 
the visual and auditory systems. But how 
sensitive is the inferred difference in local- 
ization Processing time to variation in 
stimulus intensity? To the extent that 
observed RTs truly reflect slower auditory 
localization Processing, this inferiority 
should be. maintained under increased 
auditory stimulus intensity. The Kohfeld 
(1971) study demonstrated that observed 
modality differences in simple RT were 
peripheral in origin. Stimulus intensity 
was interpreted as influencing simple ЕТ 
through the rate at which a stimulus 
reached detection threshold. Localization 
processing is presumably more centrally 
mediated and less sensitive to stimulus 
intensity. Thus variation in auditory 
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stimulus intensity should produce equal 
changes in both simple and localization 
RTs to the auditory stimulus, relative to 
the visual stimulus. 

Experiment П was therefore designed to 
test the generality of the pattern of results 
from Exp. I under conditions where audi- 
tory stimulus level was tross-modally 
matched to the visual stimulus, or higher, 
or lower. It was predicted that an increase 
in auditory stimulus intensity would speed 
up both simple and localization RT by the 
same amount. 


Method.— The Ss were 24 student volunteers from 
the same pool and assigned to groups as in Exp. 1 
Apparatus and stimuli were identical to Exp. 1, dt : 
the exception that the auditory stimulus level was 
varied from trial to trial in an unpredictable fashions 
Three intensity levels were used equally often, z 
db., 70 db., and an intermediate level. The e 
was established for each 5 at the beginning of th 
session as the mean cross modal match from three 
each ascending and descending series of trials using 
the method of limits. The mean intermediate leve! 
was 61 db. and did not differ for the simple се 
localization RT groups. Stimuli were located Em 
309 right and left of the fixation point. Each S W i 
presented with eight different replications of 14 
randomized trials. Each replication consisted 9 
6 trials to an auditory stimulus (1 each of the n 
intensities and 2 loci) and 6 trials to visual stimu! 
(3 at each locus). 


Results.—Means and standard deviations 
of RTs are presented in Table 2. Standard 
error of a mean was 10 msec. In the cases 
of both simple and localization RTs, each 
increment in auditory stimulus intensity 
decreased RT by about 10 msec. Although 
these numerical changes were in the ех- 
pected direction, а Scheffé test indicated 


TABLE 2 


MEAN REACTION TIME AND STANDARD DEVIATIO? 
IN MILLISECONDS For EXPERIMENT П 


Mode Simple RT ae Both tasks 
Auditory 
55 db. 422(50) 579(90) 501 (70) 
Matched | 414 (52) 570(84) 492 (68) 
70 db. 399 (58) 563(85) 481(72) 
Overall 412(53) 571(86) 492 (70) 
Visual 455(41) | 576(65) | 516(53) 
Both 434(47) | 574(76) | 504(62) 


Note.—Standard deviations аге given in parentheses. 


| that they were not statistically significant. 
The Task X Modality interaction was sig- 
nificant, F (1, 100) = 21.0, р < .01. A 
Scheffé test indicated that simple RT re- 
sponses were faster to the auditory than to 
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the visual stimulus (412 vs. 455 msec.). 
The test showed no difference in localiza- 
tion RT as a function of modality (571 and 
376 msec.). Again, these relationships held 
irrespective of auditory stimulus level. 

| As in Exp. I, standard deviations were 
ato analyzed. Standard deviations were 
ed for localization RT than for simple 

,F а, 20) = 23.8, p < .01, and greater 
P auditory stimuli than for visual stimuli, 

(1, 20) = 21.5, p < .01. The task and 

modality variables did not interact in 
affecting response variability, P (1, 20) 
1:56. 
у Error rate in the localization task aver- 
aged 1% for both auditory and visual 
Stimuli. As in Exp. 1, questioning Ss after 
the experiment suggested that responding 
to auditory stimuli was judged no more 
difficult than responding to visual stimuli, 
“gardless of the task. 

Taken together, Exp. 1 and II demon- 
Strate that the inferred slower localization 
Processing of auditory information is real, 
folding for stimuli at both 30? and 60° 
Eau and through a 15-db. range of 
Я uditory stimulus intensity. 

Two other questions can be raised about 
yel јин лун that auditory localization 
EP Slower process than is visual localiza- 
И А Гће first. is a question about the 
alidity of attributing the observed dif- 
erences in "localization RTs” to localiza- 
lion per se. Experiments I and H used a 
Verbal response. In most experiments on 
reaction time the response mode is manual 
(e.g., key-pressing). With reference to the 
Present localization task, it might be argued 
that a right-left manual response would 
бе а тоге direct and valid measure of 
ocalization. There are two reasons for 
this: (a) a series of experiments by Simon 
(1969) has demonstrated that Ss in RT 
experiments are indeed biased in favor of 
making manual responses in the direction 
ofa stimulus, and (b) one notion about the 
functional significance of localization proc- 


esses is that they serve to orient S’s receptor 
surfaces for more fine-grain analysis of 
stimulus information—and manual point- 
ing implies orientating. If 5 were required 
to indicate the apparent locus of a periph- 
eral reaction stimulus by pressing a key 
ipsilateral to the stimulus, this would there- 
fore seem to provide a response quite differ- 
ent from the verbal mode, and, quite fair 
or valid structurally. It therefore becomes 
of interest to try to replicate the findings of 
Exp. I and II using a manual (key press) 
response. 

The second question concerns the flexi- 
bility of localization processing. If S were 
able to predict that a stimulus would be in 
the auditory mode would he be able to 
alter the amount of time required to process 
that stimulus? Experiment III was de- 
signed to compare simple and localization 
RTs under conditions where S was given or 
not given foreknowledge of the stimulus 
modality. It was predicted that fore- 
knowledge of stimulus mode would speed 
up simple RT by some small fixed amount. 
Such a prediction follows if mode predicta- 
bility is considered as an example of reduc- 
tion of stimulus uncertainty, which has 
been shown to reduce RT (Smith, 1968). 
Prediction about the influence of fore- 
knowledge on localization is more difficult. 
Foreknowledge might have no effect other 
than that observed in simple RTs. Or 
there might be a speeding up of auditory 
localization, but not visual localization. 
This could be interpreted in several ways, 
e.g., as indicating that auditory localization 
is not subservient to a visual reference 
system but that under mode uncertainty 5 
is merely biased in favor of processing 
visual stimuli. lt might also be interpreted 
as indicating that visual referencing can 
(but typically does not) occur simultane- 
ously with other aspects of auditory local- 
ization. At its current level of develop- 
ment, the notion that vision serves as 4 
referent for auditory localization does not 
suggest a clear choice between these out- 
comes or interpretations. 


EXPERIMENT 11 


, Method.—Ten Ss (5 males) were randomly as- 
signed to each of four groups. The Ss ranged from 
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TABLE 3 


MEAN REACTION TIME AND STANDARD DEVIATION 
IN MILLISECONDS For EXPERIMENT III 


Mode SimpleRT | ÑŅocaliza | goth tacks 
diti 

Ры. 250(29) 310 (47) 280(38) 
Unpredictable | 309(50) 347 (50) 328(50) 
Overall 280 (40) 329 (48) 304 (44) 

Visual > 
"Predictable 316 (31) 339 (38) 328 (35) 
Unpredictable | 355 (45) 373(41) | 364 (43) 
Overall | 336(38) 356 (40) 346 (39) 

Both | i3 
Predictable 283(30) 325 (43) 304 (37) 
Unpredictable | 332 (47) 360 (46) 346 (47) 
verall 308(39) 343 (44) 325 (42) 


Note.—Standard deviations are given in parentheses, 


18 to 30 yr. of age and had normal hearing and 
vision (corrected). Two of the groups performed a 
simple RT task. For one group, both stimulus 
mode and locus (30° left, right) were determined 
randomly from trial to trial, with the restriction that 
there be 16 trials each: visual right, left; auditory 
right, left. Trials for the second group were pre- 
sented in blocks of 16 trials of a given stimulus 
mode. These modality blocks were alternated 
(VAVA or AVAV) and stimulus locus was ordered 
randomly within each block. Thus, these two 
groups differed only in the extent to which stimulus 
mode was predictable on a given trial (50% vs. 
100%). Prior to these experimental trials, all Ss 
performed 8 чпзсогед practice trials and then 20 
mode-predictable warm-up trials which provided 
scores for testing the equivalence of groups on 
overall RT. The third and fourth groups performed 
a localization RT task, one with mode unpredictable 
and the other with mode predictable. The only 
difference between the simple RT and the localiza- 
tion RT groups was in the response requirement. 
Localization RT 55 were required to depress the 
ipsilateral one of two telegraph keys placed 2 cm. 
right and left of a beg on which .S rested his right 
index finger. Instructions were similar to Exp. I 
and II, stressing a low error rate, Simple RT Ss 
used only one of the keys (half the right, half the 
left) with the unused key covered. Because of a 
reduction in room illumination, the visual and 
auditory stimuli were rematched by 10 independent 
Ss with a resultant sound level of 64 db, Otherwise, 
apparatus and procedure were identical to Exp. I 


and II. 

Results.—The median warm-up RT for 
each S was entered into one analysis of 
variance for the simple RT groups or 
another for the localization RT groups. In 
both analyses, the groups source of variance 


was insignificant, Fs (1, 16) = 1.26 and 
< 1. This indicated that the groups were 
equivalent in initial response speed and 
justified the subsequent between-group 
analysis of the influence of the mode- 
predictability variable. К 
For the analysis of experimental trials, 
means for each S's 32 trials to the light and 
32 trials to the sound were subjected to 
analysis of variance. Group means and 
standard deviations are found in Table 3. 
Standard error of а mean was 5 msec: 
Mean RT was shorter to the auditory than 
to the visual stimulus (304 vs, 346 msec.), 
F (1, 32) = 250.22, p < .01. Respon 
were faster to mode-predictable e 
(304 vs. 346 msec.), F (1, 32) = je 
Р «.01. And, simple R'T was less than 
localization RT (308 vs. 343 msec.), 
(1, 32) = 8.80, р < .01. Of greater Inter 
est were the only two significant inter- 
actions. Task interacted with stimulus 
modality, F (1, 32) = 28.60, p < .01. : 
Scheffé test indicated that responses ENG 
faster to the auditory stimulus in both ge 
Simple RT and localization tasks. = 
Table 1 reflects, the modality difference 
was 56 msec. for simple RT, but only M 
msec. for localization RT. The other sig- 
nificant interaction was between atum 
mode and mode predictability, F (1, 3 у 
= 4.88, p < .05. The effect of making 
stimulus mode predictable was greater for 
auditory stimuli (328 vs. 280 msec.) than 
for visual stimuli (364 vs, 328 msec.). | 
In the parallel analysis of standard devi- 
ations, RTs were more variable to auditory 
than to visual stimuli, F (4, 32) = 6.80, 
P < .05, and to unpredictable than to 
predictable stimuli, F (1, 32) = 13.18, p 
< .01. However, mode predictability inter- 
acted with task, F (1, 32) = 5.94, p < .05 
and a Scheffé test indicated that whereas 
simple RTs were less variable with mode 
predictable (30 vs. 47 msec.), the vari- 
ability of localization RTs was unaffecte 
by mode predictability (42 vs. 45 msec.)- 
The Task X Mode interaction was of pri 
ticular interest because of the differentia’ 
complexity hypothesis. Although this ce 
teraction was not a significant source in t n 
analysis of variance, F (1; 32) = 3.47, 
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> 05, а Scheffé test indicated that local- 
ization of auditory stimuli was тоге 
variable than visual stimuli, p < .05. 


DISCUSSION 


All three. experiments support the general 
hypothesis that auditory localization is a 
more complex process than is visual localiza- 
tion, This is shown by two findings. First, 
the increment in RT required to localize a 
иа, relative to simple RT, is greater than 
раја in RT for localizing a light, 
Ar ia its simple RI base line. Second, 
bility pi there is no difference in the varia 
a ho simple RTs to light and sound, audi- 
E ocalization RT is more variable than 

Sual localization RT. This pattern holds 
inder variation of stimulus azimuth, stimulus 

Nsity, and response mode. 

However, comparison of Exp. I and II with 
“xp. III also suggests that localization is not 
Independent of response mode. This can be 
a by comparing the absolute magnitudes 
Eus RT increments necessary for verbalizing 

mulus locus with those for moving a finger in 

he direction of stimulus locus. In Exp. I and 
„т Using the verbal response, auditory localiza- 
tion added about 40 msec. more to auditory 
Me RT than visual localization added to 
E simple R D. If this value were a * pure 
a ше of differential perceptual processing, 
Шр of the response mode used to 
ch ate that processing, then the same value 
ould also appear in the manual RTs. But 
tae using the manual response, produced 
adit: of 28 msec., indicating that a strict 
Meters assumption (see LaBerge, 1971) 
hs» ПНЕ data is unwarranted. Another 
thia 5: Seeing this is by considering the facts 
verbal localization responses are equally 
ast to auditory and visual stimuli but manual 
9calization responses are significantly faster 
to auditory then to visual stimuli. The dif- 
егепсе between verbal and manual indicators 
ОГ localization seems congruent with Simon's 
n studi 5. Taken together, the present 
Da e Simon's indicate that pointing isa 
the A of indicating stimulus locus for which 
~ uman observer is particularly well atuned. 
т ое ез; in spite of this apparent difference 
Ам two methods of response, the relatively 
ater complexity of auditory over visual 
9calization is indicated by both. 
Тће results of Exp. III indicate that localiza- 
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tion processing, per se, does not enjoy flexi- 
bility as a function of stimulus mode uncer- 
tainty. That is, making the mode of a RT 
stimulus known to S ahead of time produced 
shorter RT, but the change was the same for 
both detection and localization conditions. 
The advantage of mode predictability was 
greater for auditory stimuli than for visual, 
although this difference was not large. The 
analysis of response variability gave further 
support to the idea that the effect of stimulus 
mode uncertainty was upon detection rather 
than localization. 

The present data on response latency fit well 
with earlier findings on response accuracy by 
indicating that vision is a superior mode for 
localization. This makes more feasible the 
possibility (Warren's, 1970, hypothesis) that 
Ss may develop the use of some form of visual 
reference system іп performing auditory 
localization tasks. А more direct test of 
Warren's hypothesis would now seem to be 
indicated. 
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Four experiments replicated Asch's findings in 1969 that perceiving two terms in 
a unitary relationship facilitates their association. 


ative recall of the ter- 


minal C to the CV cue, while pronouncing the CV-C as two separate terms 


caused relatively low ass 
incidental learning condi 
patch to each of 15 geometric figures. 
the same color as the color patch, low 


tive recall. 


The result held for both intentionaland 
ons. In Exp. III and IV, Ss were to associate a color 
Association was high when the figure was 
when the figure was a different color than 


the color patch, and intermediate when the figure was an uncolored, black-on- 


white ош те. 


Asch (1969) has emphasized the import- 
ance of the relationship between perception 
and memory. In particular, the perceptual 
relation between pairs of elements may be 
expected to substantially influence the ease 
of associating the pairs. Some earlier 
pertinent data (Asch, 1962) compared the 
learning of associations between color re- 
sponses and geometric figures when these 
were presented in various perceptual rela- 
tions. The Shape and the color could be 
Shown during the study trial in a “consti- 
tutive" or “unitary” relationship in which 
the shape appears to be composed of the 
colored material, A solidly colored figure 
on a white background or a colored-outline 
contour on a white background exemplify 
constitutive relationships, Alternatively, 
the shape-color relationship could be non- 
unitary, as when the figure was 
outline contour on а colored background 
or beside a colored patch. The experi- 
mental task was to learn to associate color 
names to a set of black-on-white outline 
test figures, Learning was about twice as 
fast when Ss had studied the shape-color 
pairings in a unitary than in a nonunitary 
relationship. 

For generality, Asch (1969) performed a 
similar experiment using verbal materials. 
Using an incidental learning Paradigm, he 


a black- 
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13950 to the second author from the National 
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found that .Ss seeing and pronouncing two 
CVC trigrams as a unitary disyllable re 
called significantly more second syllables 
when cued with the first than did Ss seeing 
the CVCs as a pair of terms and pro 
nouncing them, separated by a pause. 
The present experiments attempt ; 
replicate and add further generality t? 
Asch's findings. Experiments 1 and 
investigate the association between а р 
bigram and a terminal consonant M. 
these CV-C pairs are presented under 
unitary (U) and nonunitary (NU) рег 
ceptual conditions in an incidental and in E: 
intentional cued recall paradigm. It J 
expected that the coherence of the C ч 
and C terms in memory will be partly 
determined by the way they are peret У 
as being related. Specifically, those 1 
pronouncing the CV-C as a unitary syllable 
should recall more terminal Cs than those 
Ss pronouncing the CV.C pair as tW? 
Separate units. т 
Experiments III and IV inquire чери 
the shape-color results generalize tO, h 
paired-associate recall paradigm, in Me 
both colored and uncolored outline hg 
are paired with a color patch during gu. e 
trials. (Asch had used an associat!" 
matching or recognition test). А n 
issue to be investigated is whether © 
unitary relation between a figure and an 
surface color can be used to interfere be. 
learning the correct shape-color associati?" 
И the surface color of a figure differs 84 ; 
the response color to be associated W! 


to 
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In Exp. Гапа 11, pronounc- | 
ing а CV-C pair as а monosyllable produced high as 
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the shape, then associative interference and 
response competition should result. 


EXPERIMENT 1 
Method. 


, Sixteen introductory psychology students, fulfill- 
Ing à course requirement, were assigned alternately 
to one of two incidental learning conditions and run 
in individual sessions. Following completion of the 
Exp. I task, each of these Ss participated in Exp. 111. 

Лће materials were 13 easily pronounceable CVC 
trigrams; CUD, DAG, FAS, HIN, KEB, LOM, MEF, ХОХ, 
PIX, RIZ, TAV, WEK, WUG, and zon. The trigrams 
had Meaningfulness scores ranging from 22 to 95, 
with à mean score of 57 on Archer's (1960) 100-point 
& scale. They were lettered, one trigram on each 
of 15 3 X 5 in. study cards. The initial consonant 
апа the vowel were lettered as a CV bigram approxi- 
mately .5 in, to the left of center; the terminal 
Consonant, 1 in. to the right of the CV bigram. A 
test deck comprised 15 cards, each showing just the 
initial CV, 

The Ss were misinformed that the study соп- 
Cerned the effects of phonetic context upon articu- 
atory voicing. In the NU condition, Ss were in- 
Structed to pronounce the initial CV, then separately 
to pronounce the final C. They were to pronounce 
€ach pair in this manner three times in succession 
€g., to pronounce LO-M as “low-emm, low-emm, 
low-emm"), In the U condition, Ss were instructed 
to blend the initial CV with the final C before pro- 
Nouncing the CVC as a single unit three times in 
Succession (e.g., to pronounce LO-M as “lom, lom, 
lom"). The pronunciations of each 5 were tape 
recorded to contribute to the credibility of the stated 
Purpose of the experiment. 

д The study cards were presented in random order 
чү a S-sec. rate, Immediately following the single 
Study trial, 5 was cued with each initial CV for 
Fecall of the associated terminal C. 1f "LO," for 
example, appeared on a test card, 5 was to respond 
With “M.” Although the recall test was rationalized 
as an indicator of "the natural coherence of different 
Phonetic compounds," instructions were explicit 
that 5 was to recall the final C associated with each 

No S reported having anticipated such a recall 
lest. Test cards were presented at a 5-sec. rate in 
Scrambled order. 


Results 


The recall data supported the experi- 
mental hypothesis. When cued with the 
Initial CVs, U Ss recalled a mean of 7.75 
terminal Cs out of 15; NU 58, a mean of 
4.13. This difference is significant, ¢ (14) 
= 3.37, р < .01. It may be noted that 
the similarity between the training stimulus 
and the test stimulus is greater for the NU 
Ss; yet this factor was not as powerful in 
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determining recall as were the different re- 
hearsal procedures. 

We next examined the relationship be- 
tween the recallability of a CVC and pre- 
experimental habits surrounding it. First 
of all, the CVCs were all selected to be high 
in pronounceability, so variation in their 
recall can not be correlated with that. 
Second, recall of a CV-C pair was correlated 
with the probability of the final C as a 
free associate to the initial CV, using Table 
F from Underwood and Schulz (1960). 
Тће rank-order correlations for Groups U 
and NU and the combined scores were .10 
or less and insignificant. Third, recall was 
correlated with the meaningfulness of the 
CVCs (a^ as scaled by Archer (1960). 
For the NU Ss, recallability and mean- 
ingfulness did not correlate significantly 
(rank-order p = .31). Recallability and 
meaningfulness did correlate for the U Ss 
(p = .5, р < .05) as well as for the com- 
bined data of the NU and U Ss (р = .49, 
p < .05). The pattern of these corre- 
lations suggests that recall differences be- 
tween the NU and U conditions may be 
accounted for, in part at least, by differ- 
ences in the meaningfulness of the phonetic 
sequences for the two groups. That is, 
pronunciation of the unitary CVC may 
remind S of a word that it resembles or 
suggests, whereas the broken CV-C pro- 
nunciation may be less likely to do so. 
This speculative interpretation may not 
apply, however, to Asch’s experiment since 
he used CVC disyllables. 

Experiment 11 is similar to Exp. I except 
that it uses intentional instead of incidental 
learning instructions. 


EXPERIMENT II 
Method 


Sixteen introductory psychology students, fulfill- 
ing а course requirement, were assigned randomly 
to one of two intentional learning conditions. 
Eight 55, 4 from each of the two conditions, com- 
pleted the p. H task followed immediately by the 
paired-associate learning task constituting Exp. IV. 
The remaining 8 Ss completed the Exp. IV task 
prior to participating in the present xperiment. 
This counterbalancing was done to control for the 
possible effect of participation in one experiment on 
performance in the other. The two conditions were 
equated for sex and experimental naiveté ог the Ss. 
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The CVCs, study decks, and test decks used in 
this experiment were identical to those described 
in Exp. І. Instructions to Ss in the present experi- 
ment differed from those given in Exp. I in that 55 
were informed that they were to be tested for their 
memory of the CVCs. This was done to generalize 
the findings of Exp. I beyond the incidental learning 
paradigm. All other procedural details were the 
same as for Exp. 1. 


Results 


Тће intentional cued recall data were 
totally consistent with the results of Exp. I. 
When cued with the initial CVs, U .Ss 
recalled a mean of 9.62 terminal Cs out 
of 15; NU Ss, a mean of 6.12. This differ- 
ence is statistically reliable, / (14) = 2.57, 
P «.025. The effect was, furthermore, 
independent of the order in which .S 
participated in Exp. II and IV. 

Again, recallability correlated somewhat 
with meaningfulness for the NU Ss (r 
= 45). The rank correlations for U Ss 
and for the combined NU and U data were 
larger, at .59 (р < .025) and .64 (р < .01), 
respectively. Thus, these data are con- 
sistent with the differential meaningfulness 
of phonetic sequences as a possible explana- 
tion for the NU versus U recall differences. 


EXPERIMENT III 
Method 


The 16 Ss described in Exp. 1 participated in the 
Present experiment immediately following comple- 
tion of the Exp. I task. The present experiment was 
а one-way within-Ss design. 

Fifteen highly discriminable, abstract geometric 
shapes were randomly divided into three sets of 5. 
For example, one resembled the outline of a geo- 
metrically structured ice cream cone. Within each 
of the three Sets, one of five color response terms was 
associated with each stimulus. Each shape was 
drawn on the left side of a 3 X 5 in. card. On the 
right side of these cards a response color indicator 
was colored in а I-sq.-in. patch. Each set of five 
stimuli was assigned to either the facilitation (F), 
neutral (N), or interference (1) condition. Shapes 
of F pairs were colored solidly in the same color as 
the to-be-associated color patch: shapes of 1 pairs, 
in a color different from the to-be-associated color 
patch. Shapes of N pairs were uncolored figures 
drawn as black-on-white contours. Three different 
decks were composed, counterbalancing the assign- 
ment of particular sets across the three conditions. 
Each study deck was used for an equal number of 55. 

There was only one test deck. On each card of this 
drawn an uncolored black-on-white 


deck was 
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contour figure identical to that on a study card, 
except for the missing color. No color patches 
appeared on the test cards. 

Two training trials were given by the study-test 
method of paired-associate learning with materials 
presented visually at a 3-sec. гасе. No feedback was 
given on test tri. Study and test items were 
presented in a different scrambled order each trial. 
"The 55 were instructed to associate the color patch 
on the right and the shape of the figure on the left, 
regardless of the coloring (if any) of the shape 
itself. A prompting card listing the five color names 
was available to S at all times, and he was en- 
couraged to guess when uncertain. 


F 


Results 


The mean correct responses per item per 
S over the two test trials were 1.61, 1.30, 
and 1.15 for the F, N, and I conditions 
respectively. An analysis of variance 
yielded a significant effect of pair type 
(p < .01). A Newman-Keuls test indi- 
cated that more F pairs were correctly 
recalled than either N or I pairs, but the 
latter two means did not difler reliably 
from one another, q (2, 16) = 1.75, p > -05- 
Thus when the unitary relation between а 
stimulus figure and its surface color was 
the same as the to-be-learned shape-color 
association, learning was facilitated relative 
to the neutral pairs. 

Although I items were not recalled signifi- 
cantly worse than N items, Ss frequently 
gave as their recall to I shapes the surface 
color of the shape rather than the ap- 
propriate color of the response patch. The 
frequency of these intrusion errors (IEs) m 
the I condition suggests that the unitary 
relation between a shape and its surface 
color may have been interfering with the 
acquisition of the correct shape-color 
association. The IEs accounted for 65% 
and 45% of all errors in the I condition 
on Trials 1 and 2, respectively. The 
probability of this many IEs by chance 
guessing is remote, X? (1) = 39, p < .01. 

Assuming that IEs beyond the 25% 
expected by chance would have been 
correct responses in the Е condition, WC 
may investigate whether the recall of 
items is predictable from the recall of 


s s. 
items plus the excess percentage of oo 
Adding percent recall of 1 items to 


> 1 іссе 
excess percentage 1Еѕ yields predic 


E 


recall scores for the F condition of 67% and 
74% for Trials 1 and 2. The comparable 
observed percentages of F items recalled 
were 70% and 91%. The prediction for 
Trial 1 is close, but the Trial-2 prediction 
p ne low. There thus appears to be 
F ple quantitative relation between the 
and I recall scores. 

Asch, Ceraso, and Heimer (1960) found 
| the association between two geometric 
e (e-g., а rhombus and small crosses) 
m ap а more easily when the elements 
than 4 aten constitutively (“unitary”) 
E they were contiguous but non- 
Sitios У т f а rhombus were outlined by а 
в а. small crosses, for example, the 
ы ion between the rhombus and 
th S was acquired more easily than if 
^e rhombus were outlined һу straight 
4 ers a row of crosses displayed to the 
CM a the shape. Keppel (1962) argued 
the bcne results could be explained by 
E o b e in the number of areas in 
E tent )etween which 5 must. divide his 
ü ion. Chat is, while Ss in the con- 
| guous condition had to divide their 
чон between two fixation areas, Ss 
eal ne constitutive condition had to fixate 
Bn sop in order to learn 
бен, The present experiment 
En tea that criticism. since all study 
ind n had two configurations, the figure 
of E ie color patch. The superior recall 
Ens relative to the N pairs despite 
Pn ec fixation areas challenges Keppel's 

ness" explanation of the earlier results. 
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EXPERIMENT IV 
Method 


Ted of the 16 Ss described in Exp. 11 participated 
St in Exp, П and then in Exp. ІУ. The remaining 
Тра ед in this Exp. IV before Exp. 11. 

esign of the present experiment is identical to 


that 
at of c ui ы : liu 
materials, p. HI, but with a minor change in 


бы онер figures, color responses, study 
i кА nd test decks used in the present experiment 
Exp. HI in ing respect from those described in 
response En or the N and I items, the area of the 
їп, This za patch was 2 sq. in. rather than 1 sq. 
tota перове A was made in order to equate the 
the N айй Ls = of the response color patch in 
BF expose onditions to the sum of the two areas 
Thi re of the response color in the F condition. 


His controls r 
ontrols for the possibility that previous 
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differences were due to the total area occupied by 
the correct color on F cards. All instructions and 
procedural details were identical to those in Exp. 111. 


Results 


The mean correct responses per item per 
S over the two test trials were 1.25, 1.04, 
and .70 for the F, N, and ] pairs, respec- 


tively. Analysis of variance revealed 
significant differences, F (2, 30) = 14.65, 
p < 01. Newman-Keuls tests indicated 


that all three means differed significantly 
from one another. That is, recall was 
significantly less for I items than for either 
Е ог N items (P < .01). The F items, 
moreover, were recalled reliably more often 
than the N items (p < .05). 

Thus the facilitation of recall on the F 
items relative to N items found in Exp. IIT 
was replicated. The Exp. HI data had 
suggested, whereas the present data show 
more clearly, that correct recall is reduced 
when the unitary relation between a figure 
and its surface color conflicts with the 
to-be-learned shape-color association. 

For these I items, Ss again made a high 
proportion of intrusion errors. lEs ac- 
counted for 53.6% and 43.8% of all errors 
in the I condition on Trials 1 and 2, which 
exceeds the chance expectation of 25%, 
x: (1) = 32.2, p < .001. Thus the conflict- 
ing relations between an I shape and the 
two colors interfered with learning the 
correct response. 

An attempt was again made to predict 
percent cued recall of F items from the 
percent recall of I items plus the excess of 
]Es. The predicted percent recalls for Е 
items on Trials 1 and 2 were 50.0% and 
51.2%. The comparable observed values 
were 51.2% and 73.8%. Again, while the 
Trial 1 prediction is close, the Trial 2 
prediction is too low. 

From these experiments, it may be 
concluded that the associative effect © 
perceptual unity is quite robust despite 
variation in experimental details. Unitary 
pronunciation facilitates recall relative to 
nonunitary pronunciation under intent ional 
as well as incidental learning conditions, 
although the effect may be due to differ- 
ential meaningfulness of the unified versus 


Separated phonetic compounds. А consti- 
tutive relation between a shape and its 
surface color fosters their natural coherence 
in memory in comparison to having the 
color patch simply contiguous to the out- 
lined shape. This natural coherence can 
be arranged to facilitate or conflict with the 
to-be-recalled shape-color association. 
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Two list lengths (15 


crimination lists, study test (ST) and anticip: 


of original learning. Interpolated lea 


which the right and wrong functions of the 


reversed. In five relearning trials, th 
learning. Method had no influence 
distinctly superior to А for long lists. 


to be in accord with frequency theory 


method were judged not to be in accor 
for the long lists appear to be due to 
interpolated learning and relearning 
ance followed by some deterioration. 
severe even with the long 
handled by frequency theory only 
frequency information. 


, This 
n ver] 


( 


experiment focuses on three issues 
al discrimination (VD) learning: 
eect of list length, (b) the effect 
anticipa севе method as opposed to the 
Tetroact: ion procedure, and (с) transfer and 
Үр hee effects when the interpolated 
о еш of a reversal of the right 
Pairs, TÉ functions of the members of the 
'Ssueg ends background for each of these 

Ше be discussed in turn. | 
olds P m d theory of VD learning 
ence P length of list will have no in- 
ееп rec rate of learning, but it has also 
Driate Md that completely appro- 
Jkstran d are difficult to implement 
If ords a Wallace, & Underwood, 1966). 
Е сод used to form the lists, interitem 
ns among them may disturb the 


e 


455 
те 
(кучепсу relationships between the right 
d wrong (W) items within a pair, 

Ship Su intrapair frequency relation- 
5 list le à 15 critical in making predictions. 

ngth increases the likelihood of the 
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a perfor: 
were characterized by initial high perform- 


lists poses 


and 45 pairs) and two methods of presenting verbal dis- 


ation (A), were used in three trials 
was either three or nine trials in 
words in original learning were 
e functions were the same as on original 
on short lists, but the ST method was 
The results of the ST method were judged 
(length is irrelevant); those for the A 

The differences between the methods 
mance-learning interference. Both 


wning 


d. 


The failure of the deterioration to be 
an explanatory problem. It may be 
by assuming very high specificity of 


m associations among 
the words also increases. Unless such 
associations could be equated for long and 
short lists, the test of the theory would not 
be considered appropriate. For various 
reasons, it seems unlikely that such equa- 
tion could be accomplished. In the present 
study, a different approach has been taken. 
Low-frequency words have been used under 
the assumption that differential effects of 
interitem associations will be minimal for 
different list lengths. Likewise, other 
factors which might influence learning 
differentially as length increases, factors 
not identified by the theory, are also 
assumed to have minor effects on learning. 
Therefore, the theory must be prepared 
to accept small differences as a function of 
list length. The problem of just what may 
be considered "small" can be met after the 
results are examined. 

The second variable in the experiment 
is the method of presentation, study test 
(ST) versus anticipation (A). At least 
three studies have led to the conclusion 
that VD learning occurs more rapidly with 
the ST method than with the A method 
(Battig & Switalski, 1966; Fulkerson & 
Johnson, 1971; Ingison & Ekstrand, 1970). 
As Battig and Switalski pointed out, the 
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presence of interite 


к 


192 =" 


results run contrary to the notion that 
immediate feedback is favorable for learn- 
ing. It is their belief that the ST method 
clearly separates the learning and perform- 
ance functions required of S, whereas the 
А method does not, but just how this leads 
to performance differences under the two 
methods is not clear. If delay of feedback 
is to have any influence on VD learning 
by the ST method, the effect should appear 
with long lists since list length determines 
the delay. It is possible, therefore, that 
with long lists the A method might become 
superior to the ST method. On the other 
hand, if the separation of learning and 
performance is the critical factor, length 
of list should be irrelevant. In any event, 
further study of this variable seems neces- 
sary, both to identify more precisely the 
source of the difference produced by the 
two methods and to discover if it represents 
the operation of a process that cannot be 
handled by frequency theory as 
formulated. 

If, following learning of a VD list, the 
functions of the members of each pair are 
reversed (the R becoming W, and W be- 
coming R), performance is initially high 
but error reduction occurs at a relatively 
slow rate as trials continue (Underwood & 
Freund, 1970). Following learning of the 
interpolated list to a high level, recall of 
the original list is very high but again sub- 
sequent relearning is impaired. Both the 
initial high level and the subsequent de- 
terioration are quite in line with frequency 
theory except for the quantitative aspects 
of the deterioration. Strictly speaking, the 
theory would say that performance should 
fall to а near chance level and it doesn't. 
One possibility is that other discriminative 
attributes replace frequency when the fre- 
quency discrimination breaks down. If this 
is so, it would seem that replacement would 
be far more difficult with a long list than 
with a short list. Therefore, the third 
purpose of the experiment is to discover if 
the deterioration in performance during 
interpolated learning and during relearning 
of the original list will be greater for a long 
list than for a short list. 

The general design may now be sum- 


now 
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marized. Two list lengths (15 and ES 
pairs) and two methods of presentation - 
(ST and A) were employed with a given 
having a constant list length and metho 
during all three stages (original e 
interpolated learning, and Mem 
Half of the Ss had a low level of inte 
polated learning, half a high level. 
METHOD 

? 

Materials.—A total of 90 two-syllable words ves 
used to form the pairs. These 90 words were а їп 
randomly from a pool of 832 words which E 
turn been drawn randomly from the Thort aaa 
Lorge tables of words having frequencies 0 aie 
1-10 in the G count. The 90 words were рак 
randomly and the pairs formed into three its for 
lists. These 15-pair lists formed the basic tions 
the balancing to be described. For the oe a 
requiring 15-item lists, each of the three listi lists 
used equally often acr Ss. The 45-1ten ists 
were formed by combining the three 15-item three 
If the three lists are labeled A, B, and C ; ders 
different 45-item lists were formed by the 9 
АВС, BCA, and CAB. These three lists We! ;plie 
equally often. It should be noted that as d is 
by the units (ABC), the orders of the 45-ite™ ros” 
across trials were not changed by randomizing vid 
all 45 pairs. Rather, the first 15 pairs ren pairs 
the same across trials for a given S just as di three 
16-30 and Pairs 31-45. However, within these 
blocks, pairs were randomized from trial to ko it 
x different orders. This scheme тах 
le to compare performance on the us 
pairs in the long list with the same pairs in the $ 
list. А 

Design and procedure.—There were eight E 
formed by two list lengths (15 and 45 pairs), 
methods (ST and A), and two levels of interpe mie 
learning (three and nine trials). By block гап ach 
zation, 27 college-student Ss were assigned ti ation 
condition. Further included in the random!Z4 c 
was the particular list assigned S, there being n 
allotted to each of the three different lists under 
the 15- and 45-pair conditions. 

The original learning (OL) consisted of poth 
performance trials under all conditions. For hich 
ST and A, Ss were first given a study trial W his 
was exactly the same for both methods. Ол 
study trial, the two words of a pair were sl Г 
one above the other, on the left side of the memos 
drum tape, with the correct member of the Ls 
being printed to the right. All three terms "dy 
present simultaneously for 2 sec. After the e b 
trial, the ST and A procedures were instit 
Under A, the shutter was activated and the tricis 
changed to produce a 2:2-sec. rate. Three “5 ет Ai 
pation trials were given as OL. Under E che 
method, a test trial was given immediately afte wa 
initial study trial. On the test trial, each pal os 
shown at a 2-sec. rate and -S was required to Ch 
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the correct member of each pair. After the test 
trial, a study trial was given which was exactly the 
same as the initial study trial (except, of course, 
for the order of the pairs). Three test-study cycles 
followed the initial study trial. For these 55, there- 
fore, the last trial of OL consisted of a study trial. 
It should be noted that the total time involved in 
the two methods was exactly the same. The only 
ifference was that the A method included both 
Study and test on three trials (4 sec. per pair), 
While the ST method separated the study and tes 
Into three trials of each with а 2-sec. rate per pair. 


he intertrial interval under ST was 2 sec., under 
‚ 4 sec. 


Apa to OL, Ss were fully instructed concerning 
e ak and the method to be followed. Im- 
the ately following OL, 5 was instructed concerning 
Ee nsum of interpolated learning (IL), with par- 
" ar emphas son the reversal of functions for the 
pend W items. The instructions required S to 
грона оп the first presentation of the li in IL. 
A owing IL, the same explicit instructions were 
уед concerning recall and relearning of the first 
Ist and again 5 was asked to respond on the first 
Presentation of the list. The IL for the ST method 
always ended with a study trial. Thus, with nine 
d trials there were nine test-study cycles, and with 
he A method, nine anticipation trials. Relearning 
Was carried for five anticipation trials or five test- 
Study cycles. 

It should be noted that the time between OL and 
relearning differed as a function of degree of IL and 
as a function of list length. The difference ranges 
rom 3 min. (15-pair lists, three IL trials) to 27 min. 

-pair lists, nine IL trials). We justify this con- 
Ounding on the basis of previous work (Underwood 
E F reund, 1970), which shows that the forgetting 
far VD list is extremely slow (9% loss over 24 hr. 

owing three trials on a 42-pair list). 


RESULTS 


Original learning.—Performance on the 
three OL trials can be used to assess the 
effects of method and list length on VD 
learning. By combining groups differing 
only on degree of IL, 54 Ss were available 
lor each unique condition. The perform- 
ance curves, expressing percent correct on 
fach trial, are shown in Fig. 1. Perfor- 
Mance on the 15-pair lists under the two 
methods was identical on the second and 
third trials and differed by 1% on the 
first; therefore, a single line is used to 
represent these two groups (ST-A-15). It 
1$ apparent from Fig. 1 that the two vari- 
ables of interest interact: with the 15-pair 
lists method is of no consequence, whereas 
with the 45-pair lists the ST method re- 
sults in a higher acquisition level than does 
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Fic. l. Learning as related to method of pres- 
entation (ST and A) and length of list (15 and 
45 pairs). 


the A method. The statistical analysis 
(following an arc-sine transformation) sup- 
ports these observations. With trials, list 
forms, and degree of IL included in the 
analysis, the Fs for length (74.72), method 
(13.83), and Length X Method (10.31) 
were all significant beyond the 1% level 
(1, 192 df). The only other significant 
sources of variance were trials and two 
third-order interactions (5% level) in- 
volving list forms and degree of IL which 
are not given to interpretation. 

For the 45-pair lists, for the first trial, 
performance is better for the ST method 
than for the A method. This is true in 
spite of the fact that the initial study trial 
was exactly the same for both methods; 
hence, learning should have been equiv- 
alent. This strongly suggests that under 
the A method the ability to perform what 
has been learned is inhibited or interfered 
with by the new learning which is occurr- 
ing. It will be remembered that the 45- 
pair lists consisted of three blocks of 15 
pairs each which, as blocks, maintained a 
constant order across trials. Thus, the 
retention interval from trial to trial was 
constant for the blocks (although as noted 
earlier this should be of little if any con- 
sequence). Ап examination of the per- 
formance on the three successive blocks 
revealed decreasing performance across the 
three blocks for both methods, the differ- 
ence between the first and third blocks 
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Fic. 2. Interpolated learning as related to method 


of presentation and length of list. 


being approximately one item [ог both 
methods. For the ST method, this posi- 
tion effect was not present on Trials 2 and 
3; for the A method, it remained on the 
second trial but not on the third. No 
position effects were present in the 15- 
pair lists. An examination was made of 
performance using the first 15 pairs only. 
As would be apparent from the above facts, 
this reduced the difference between the 
short and long lists. However, across the 
three trials the difference between the long 
list learned under the ST method and the 
Corresponding short list would still be 
judged to be significantly different, F 
(1, 107) — 4.10, b «.05. In summary, 
method differences occur only for the long 
lists, and length is a statistically significant 
variable, but the influence of length is 
greater under the A method than under 
the ST method. 

Interpolated learming.—The performance 
curves for the four groups having nine IL 
trials are shown in Fig. 2. Differences in 
levels must be viewed with caution because 
of differences in terminal level of OL, dif- 
ferences which cannot be specified exactly 
because the learning which occurred on 
the last trial was not measured. But, as 
can be seen, performance level is roughly 
correlated with degree of learning in OL. 
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The differences between the two short lists 
(although not significant statistically) also 
may reflect a difference between these two 
groups which was present in OL. All curves 
show the decrement expected by request 
theory; i.e., performance on the first tria 
is better than performance on the immedi 
ately succeeding trials. The amount 0 
the fall is not large in an absolute sense an 

statistically does not differ for the four 
conditions. То make this analysis, a score 
was determined for each S representing the 
difference between his performance on the 
first trial and the lowest point of perform- 
ance on the succeeding four trials. А 
would be expected from Fig. 3, the ўе 
point of performance for most Ss ber. 

the second IL trial. The percentage. үк 
(or in a few cases a gain) was determine 

for each 5, and after an arc-sine transfor- 
mation the analysis of variance was р 
formed on the four distributions. N° 
source of variance was significant. у 

It was noted above that in an absolute 
sense the decrement in performance after 
the first trial was not great. Most error? 
occurred on items on which there had been 
errors during OL. For the 15-pair d 
approximately 81% of the pairs were СО! 
rect on all OL trials, and for the 45-pa't 
lists the corresponding value was 66 2 
(combined across methods). In IL, these 
pairs were responded to correctly on а 
trials from 77% to 87% of the time for the 
various conditions. In short, the typica 
pair is one which was always correct in 
and always correct in IL. 

Recall and relearning.—Method (ST MES 
A) was not a significant source of variance 
in recall and relearning, so the data have 
been combined across methods for presente, 
Чоп in Fig. 3. For both lists length reca 
was higher following nine IL than following 
three IL, but with nine IL performance 
falls оп subsequent trials so that on the 
fifth relearning trial the scores are a little 
higher following three IL trials than follow- 
ing nine. For the nine IL groups, perform 
ance never achieves the level exhibite 
on the recall trial. All condition немо 
(15 vs. 45 pairs; three vs. nine IL ие : 
are significant statistically, as are the firs 
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order interactions with trials so apparent 
in Fig. 3. Finally, the Length X Degree 
of IL X Trials interaction, also apparent 
in Fig. 3, is also significant statistically, 
Е (4, 768) = 17.15, p «.01. This in- 
dicates that the differences over trials 
between three and nine IL trials for the 
15-pair lists is less than the corresponding 
difference for the 45-pair lists. 


Overall, the relearning data indicate that 
with а high degree of IL, reversal of item 
function (to correspond to OL) is almost 
perfect initially, but immediately there- 
after interference occurs so that very little 
Increase in performance occurs over trials. 
When OL and IL are essentially equal in 
level of learning (as with three IL trials), 
Teversal of function is initially poor, relative 
to that following a high level of IL, but 
improves rapidly with additional trials. 

hile these facts are clear, it should again 
зе pointed out that in an absolute sense 
the changes in performance as described 
аге not large and for all groups performance 
15 at a high level over all five trials. 


DISCUSSION 


Three issues will be discussed: the method 
ifferences, the length differences, and the 
transfer and retroaction data as they reflect 
Оп the frequency theory of VD learning. 

The results have shown that with long lists 
the ST method produces more rapid learning 
than does the A method. This difference 
Occurs on the initial part of the first perform- 
ance trial even though the study trial was 
exactly the same for both methods. This 
Supports the idea of Ваша and Switalski 
(1966), that when S must both exhibit learn- 
ing which had occurred on the earlier trial and 
undertake new learning, as seems necessary by 
the anticipation method, performing the 
learned discrimination is inhibited. For the 
45-pair list, the differences between ST and A 
amounts to about 5 pairs on the first trial; 
that is, 5 more pairs are given correctly under 
the ST method than under the A method, 
although learning must have been equivalent. 
By frequency theory, once those 5 pairs are 
incorrectly responded to, the discrimination 
which had been established on the study trial 
would be lost and these items will not be 
benefited appreciably on the immediately 
succeeding trials by the original discrimination. 


PERCENT CORRECT 


RELEARNING TRIALS 


FG. 3. Relearning as related to degree of inter- 


polated learning and length of list. 


The 15-pair lists were not differentially in- 
fluenced by the two methods. This is contrary 
to the results of three other investigations 
reported in the introductory section, where 
the number of pairs varied from 12 to 20. The 
reason for the contradictory findings are not 
known. However, referring now only to the 
present results, a hypothesis will be advanced 
to account for the Length of List X Method 
interaction. This hypothesis holds that the 
magnitude of the difference between the two 
methods will be directly related to the number 
of unlearned discriminations that exist after 
the initial study trial (or on any subsequent 
trial). The short lists in the present study 
resulted in slightly over 13 of the 15 pairs being 
correctly responded to after the initial study 
trial, and it must be remembered that in VD 
learning the probability of being correct on 
the second trial for items correct on the first is 
very high (.97 for the short lists in the present 
study). For the long lists, at least seven items 
remained unlearned after the first study trial. 
As learning proceeded, however, the number of 
unlearned items diminished and, as shown in 
the interpolated learning for the long lists 
(Fig. 2), performance became equivalent under 
the two methods. The hypothesis would an- 
ticipate differences in performance under the 
two methods for short lists if, for whatever 
reason, the learning on the initial trial is low. 
This might be accomplished, for example, by 
using nonintegrated units such as nonsense 
syllables. 

The next issue concerns list length per se. 
As pointed out in the introduction, frequency 
theory can accept a small effect of list length 
on the grounds that it is essentially impossible 
to equate all factors except length as list 


> 
186 


length increases. The question is whether or 
not the effects of list length as found in the 
present study are of a magnitude that will 
allow them to be classed as “small.” To arrive 
at a reasonable assessment it seems necessary 
to relate the results to those found in other 
tasks where associative learning is involved. 
The evidence available indicates that for 
associative learning, as length of list increases 
the percentage of items learned decreases 
markedly. For example, ina study by Postman 
and Phillips (1956), Ss were given a single 
study trial on unrelated lists of words, with 
the lengths of lists being 10, 20, and 30. ach 
word was presented for 1 sec., after which 5 
recalled all the words possible. The recall, 
as measured by percents was 56%, 31%, and 
26% for the three lengths of lists in order. It 
is estimated that a 15-item list would produce 
45%, recall, а 43-item list, 20%. Now, it is 
apparent from Fig. 1 that the differences in 
the present VD lists are not of this magnitude. 
After a single study trial, the 15-pair lists had 
89% of the items correct; for the 45-pair lists, 
the values were 82% for ST and 72% for A. 
The difference of 7% for the 15- and 45-pair 
lists learned by the ST method is not large, 
although it is significant statistically. Even 
if only the first 15 pairs are scored a difference 
remains, although on the first trial it is only 


5%. Whether this small difference is due to 
interitem associations ог formal similarity 
which 


disturbs the intrapair frequency rela- 
tionships is unknown, but it must be judged 
to be within the range of “small” effects which 
frequency theory can tolerate, In the case of 
the A method, the differences are of appreci- 
ably higher magnitude. If the analysis pre- 
sented earlier js correct, the longer list increases 


the Importance of the performance-learning 
conflict which decrease 


5 performance. Fre- 
quency theory has no provisions for handling 
this effect. Therefore, 


the theory must state 


that list length Will be of small consequence 


only when the study-test method is used, 

The final issue concerns the evaluation of 
frequency theory їп the light of the transfer 
and retroaction results. According to the 
theory, OL is acquired by using the frequency 
differential between R and W words as the 
discriminative cue. When moving to IL, 5 
simply reverses his rule, now choosing the 
member of each pair with the lower frequency, 
The original rule is then applied at the time 
of recall of the original list when the degree 
of IL is high. The critical problem for the 
theory, one that applies both to IL and relearn- 
ing, is the failure of performance to break down 
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badly when frequency is no longer an apri 
priate cue for the discrimination, as it clearly 
cannot be during certain points in IL аай 
learning. The failure of performance to a 
teriorate badly was also noted in an г 
study (Underwood & Freund, 1970), and it 
suggested at that time that S may x 
switched to other cues for the discrimination 
This seemed feasible for a 15-pair list; D. 
does not seem reasonable that this ba 
done so expeditiously for a 45-pair list. ni 
present data show, however, that the, ap 
tude of the fall following the initial high pa 
formance on IL does not differ as a аа 
of the length of the list. So, the question 
mains as to how 5 can perform so well p 
and relearning, showing only a relatively smi 
decrement. And, to emphasize a fact, all 
typical pair is responded to correctly ОЛ 
OL trials and on all IL trials. hown 
Hintzmann and Block (1971) have pet 
that frequency information may be dd ; 
specific to a given task. They have sugges to 
furthermore, that this fact might be usec о 
resolve the problem which is the concern © 
the discussion of the moment, the sie n 
find the deterioration expected by freque as 
theory. Their speculation runs abut d 
follows. On the first IL trial, 5 must of ле om 
sity respond with information carried over і“ 
OL. This may continue into the seconc acy 
trial. However, at the same time the freue 
inputs are starting from scratch for IL, | in 
even after a single trial the differentia u 
frequency between members of the pairs У af h 
be sufficient to allow correct responding @ pss 
proportion of the time, "Therefore, When, as 
quency information from OL begins to M dn 
à basis for discrimination, S switches (0 ue 
new frequency information which has eps 
for IL. While the high specificity and i 
pendence of the frequency information er is 
and in IL may seem quite implausible, 3 less 
faced with what тау be perhaps an ev C ches 
plausible alternative, namely, that 5 SW! how 
the basis for his discriminations and Laem 
sorts the 90 words (in the 45-pair list) ine tes 
categories using, perhaps, semantic attr! effi- 
as the cues. That this could be done 5o ery 
ciently seems unlikely, although there i5 In 
little evidence on learning of this nature- pre 
а Study by Paul (1970), 24 words were Prg 
sented individually with S required to rele an 
in one way for 12 of the words (selecte! г 17: 
domly) and in another way for the othe 10 
Learning did Occur, of course, but afte cor- 
trials performance was slighly under 72/0. 


to 
t A : sords i" 
Feet. To categorize 90 unrelated wort 
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two groups would seem to offer a very difficult 
task for S. | 
Ts Hintzman-Block hypothesis cannot be 
m Which is to say that frequency in- 
rd 4 can be highly specific to a given time 
Boon ct pina the acceptance of this 
tace of cu be conditionalized on the accep- 
ontel the further notion that 5 ћаз some 
бо E er the counting mechanisms. This 
sarily ee requency information does not neces- 
in task sae es a base of zero for each change 
shown ü : For example, several studies have 
iia x pretraining by free recall learning 
цея m items prior to VD learning will 
Bed 3 learning substantially. It would 
арро hat S can make some judgment of the 
imis. LI or inappropriateness of the 
imed cy information available and act (to 
кыы atleast) accordingly. It might be 
ined, of course, that the problem which 
redeas the focus of the discussion here arises 
hin чя of the assumption that the orig- 
D learning is based on frequency in- 
pins Yet, if some other theory is used 
iene for VD learning, particularly a 
crit; Y based upon associative learning, one 
ical issue must be met at the outset and 
that is the relatively small effect of length of 
list on VD learning. 
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GENERAL AND SPECIFIC COM 


INHIBITION IN THE A-B, A-C PARADIGM! 


ISABEL M. BI 
University of Cal. 


Two experiments investigated the effects of first-list response suppression 
and specific associative unlearning on retroactive inhibition (RI) in the A-B, 


A-C paradigm. Either two or four Lis 
polated lists, and two different tests of 


findings by I. M. Birnbaum in 1970, when stimuli were omitted from the inter- 
polated lists, RI for the corresponding List 1 pairs was significantly reduced. 


Combined analyses of prior and preser 
associative loss as well as first-list resp 


contribution to RI in the A-B, A-C paradigm. 


Тће present paper is concerned with the 
contribution of specific and general com- 
ponents of interference to retroactive in- 
hibition (RI) in the A-B, A-C paradigm. 
According to the assumptions of inter- 
ference theory (Keppel, 1968), specific 
associative unlearning occurs when a par- 
ticular List 1 stimulus term appears during 
interpolated learning (IL) and elicits the 
now incorrect List 1 response term. Post- 
man, Stark, and Fraser (1968) suggested 
that suppression of the first-list response 
repertoire rather than specific associative 
loss may constitute the major source of 
interference in the A-B, A-C paradigm. 
Postman et al. assumed that "specific asso- 
ciations are in general highly resistant to 
unlearning [p. 689]" If RI is attribu- 
table solely to the suppression of the entire 
first-list Tesponse repertoire, then the 
omission of a subset of List 1 stimuli from 
the interpolated lists should not eliminate 
or substantially reduce the amount of RI 
for the Corresponding List 1 pairs. Con- 
firmation of this deduction was reported 
recently (Birnbaum, 1970). The omission 
of either two or four List 1 stimuli from one 
or two interpolated A-C lists did not signifi- 
cantly reduce the amount of RI for the 
corresponding List 1 pairs. 

! This research was supported by United States 
Public Health Service Research Grant MH-13629. 
Thanks are due to Al Ahumada, Jr., and James F. 
Voss for their valuable comments and suggestions 


at various stages of the research. 
? Requests for reprints should be sent to Isabel M. 


Birnbaum, School of Social Sciences, University of 
California, Irvine, California 92664. 
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PONENTS OF RETROACTIVE 


RNBAUM ? 


ifornia, Irvine 


t 1 stimuli were omitted from inter- 
recall were used. Contrary to prior 


it results demonstrated that specific 
onse suppression makes a significant 


The foregoing study used a retention test 
which was assumed to maximize first-list 
response suppression; that is, the interpo- 
lated responses were made available to Г 
at the time of the test. Postman et a 
(1968) observed that this procedure tende 5 
to maintain suppression of the first-list 
response repertoire. The impetus for the 
present set of studies was to investigate 
the extent of first-list response suppression 
when Ss were asked to recall all responses 
to each stimulus (the typical modified- 
modified free recall (MMFR) test). BS 
will be seen, the search for the relationship 
between first-list response suppression 216 
conditions of testing revealed that there }§ 
a significant contribution of specific associa- 
tive loss to RI in the A-B, A-C paradign! 
under either test condition. 


EXPERIMENT I 

Method 

Design.—Two experimental groups learned E. 
total of three paired-associate lists which contorni " 
to the A-B, A-C, A-D paradigm. A Control gon 
learned only the first list and engaged in a numeric 
reasoning task during the retention interval. Е 1 i 
the experimental groups, two of the 12 List s 
stimuli were omitted from the second and thire 
lists. Thus, Ss learned a 12-pair first list and tw? 
10-раїг interpolated lists. Over the entire exper, 
ment, six different sets of 2 stimuli were used fi 
omitted stimuli, and each set was used equa H 
often in each group. The List 1 pairs from bras 
stimuli were omitted on the interpolated lists mil i 
designed OM pairs; the List 1 pairs from “i ре 
stimuli were present on the interpolated lists w 
designated PR pairs. On the self-paced reten 


> геге 
test, Ss in the First-List Recall group (FLR) wer 
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provided with the entire set of 20 interpolated 
responses and were asked to recall the first-list 
responses. The Ss in the Total Recall group (TR) 
were asked to recall all of the responses which had 
been paired with each stimulus. After the data 
Írom Exp. I were analyzed, a complete replication 
of Group FLR was run. 

Materials.—Three lists of 12 CVC-adjective pairs 
were used equally often in each group for original 
learning (OL). Two of the lists had been used in 
the previous study (Birnbaum, 1970), and the third 
m constructed according to the same rules. The 
X for IL were selected from two additional lists, 
end Y, which contained the 12 List 1 stimuli and 
es sets of 12 new and unrelated adjectives as 
[ы |. s. Six different sets of two 10-pair interpo- 
rss were derived from Lists X and Y. In 

structing the six sets, the 2 pairs to be eliminated 
"ul X and Y were selected at random (without 
á Placement), with the restriction that the two 

mitted stimuli contain a different vowel. For a 
Particular S, the same stimuli were omitted from 
oth interpolated li The second and third lists 
pained were derived from List X and List Y, 
qopectively, One of the six sets of interpolated 
n. Was randomly as igned without replacement to 
eh of the six Ss who learned a particular first list 
t pees group. Three of the four orders of presenting 
Pairs were used equally often as starting orders 
rat Ocedure.—The lists were presented ata2 
r € with a 4-sec. intertrial interval. Deta of 
Tocedure may be found in Birnbaum (1970). In 
Wa all Ss were taken to a criterion of 8/12 correct 
eror There w 4-min. interval between the end 
and үш the f tudy trial in IL. Groups F LR 
trials R received one study trial and x anticipation 
кыч on each of the interpolated lists. The instruc- 
E ade no mention of the omission of two 
à ae The interval between the end of OL and 
a eginning of the recall test was 20.5 min. for 
Жее. Prior to the recall test, Ss in Group FLR 
Eso; S an appropriate index card on which the 
in sh ге апі third-list responses were printed 
Ps phabetical order. The Ss were told that the 
hrec Bt help them to avoid confusion between 
um ist and interpolated-list responses, and they 
Bere instructed to recall the first-list response to 
fach stimulus as it appeared in the drum window. 
5109 the retention test used in Group FLR was 
еа! to the retention test used for all experi- 
по а groups in the previous study (Birnbaum, 
t 0). Group TR, on the other hand, was instructed 
9 recall all of the responses which had been paired 
With each stimulus. In all groups, the recall test 
Was paced by 5, and the 12 stimuli appeared in the 
Order which would have been next in OL. The task 
Or the Control group was to recall the single 
t pense that had been paired with each stimulus 
Subjecis.— The Ss in Exp. | were 54 male and 
стаје undergraduates at the University of Cali- 
fornia, Irvine. Eight additional Ss were discarded 
ecause of procedural error or apparatus failure. 
The Ss were assigned to groups in blocks of 3 in 


189 


order of their appearance at the laboratory, with 
1 S per group in each block. The order of running 
groups within blocks, assignment of OL lists, 
starting orders, and IL lists were determined by a 
table of random numbers subject to restrictions 
necessary for balancing each of these factors within 
groups. The 18 Ss who participated in the repli- 
cation of Group FLR came from the same popu- 
lation and were run in the same academic quarter. 


Results and Discussion 


Original learning.—Yhe mean number of 
trials to criterion in OL was 7.6, 8.6, and 6.2 
in the Control group, Group FLR, and TR, 
respectively. A two-way analysis of vari- 
ance of trials to criterion indicated that 
there was no significant difference between 
groups, F (2, 45) = 2.06, p > 10. The 
three OL Lists differed in number of trials 
to criterion, F (2,45) = 345, p < .05, 
and there was no significant interaction of 
Groups X Lists, F (4, 45) = 1.39, p > .10. 
In all subsequent analyses of first-list 
recall, there was no significant main effect 
of OL lists and no significant interaction 
involving OL lists. This variable will not 
be mentioned again. The mean number 
of trials to criterion in the replication of 
Group FLR was 7.5. 

First-list. recall —A response was scored 
correct when it was given to the appropriate 
stimulus. The mean total number of 
correct responses was 9.72, 3.44, and 4.39 
in the Control group, Group FLR, and 
Group TR, respectively. А two-way 
analysis of variance of number correct at 
recall yielded one significant effect, groups, 
F (2,45) = 57.77, р < .01. Clearly, there 
was a substantial amount of RI in both 
experimental groups. The difference be- 
tween Group FLR and Group TR was not 
significant, (1, 45) — 2.24, p » .10. 

'The phenomenon of major interest is 
the recall of OM and PR pairs in Groups 
FLR and TR. For the purpose of com- 
parison with the experimental groups, OM 
versus PR was used as a pseudovariable 
in scoring recall for the Control group. 
Two pairs for each S in the Control group 
were designated as “ОМ pairs" by random 
assignment and counterbalancing across 
OL lists, as in the experimental groups. 
The recall scores for OM and PR pairs 
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TABLE 1 


MEAN SCALED RECALL AND PERCENT 
RETROACTIVE INHIBITION (RI) 


Group 
Type of pair 
Control | FLR | TR 
PR 1.61 | 54 .62 
(66%) (61%) 
OM 166 | 72 1.28 
| (57%) (23%) 


Note.—FLR = Firs 
Recall group. PR 
on the interpolated li 
stimuli were omitted. 


ist Recall group and TR = Total 
from which stimuli were present 
and OM = pairs from which the 


were made directly comparable by express- 
ing both the OM and PR score for cach 5 
on a scale from zero to two. Hence, the 
scaled recall score equals 2X (number 
correct/maximum possible number correct). 
АП analyses reported below were done on 
this measure. The mean scaled recall 
score for OM and PR pairs is shown in 
Table 1, with percent RI in parentheses 
below each entry. The means for ОМ 
and PR pairs are virtually identical in the 
Control group, as would be expected with 
the complete counterbalancing of specific 
pairs in combination with OL lists. Rela- 
tive to the percent RI for PR pairs, there 
15 a considerably greater reduction in 
percent RI for the OM pairs in Group TR 
than in Group FLR. A three-way analysis 
of variance of recall for the experimental 
groups only (groups, OM versus PR pairs, 
and OL lists) yielded a significant effect 
of OM versus PR, F (1,30) — 10.08, р 


< .01. For the interaction of Groups 
X OM versus PR, F (1, 30) = 3.31, р 
< 10. Separate analyses of variance of 


recall Jn each experimental group yielded 
a significant effect of OM versus PR only 
in Group TR, F (1, 15) = 12.28, р < .01; 
for Group FLR, F (1, 15) < 1.00 for OM 
versus РК. А two-way analysis of variance 
of recall of OM pairs alone for the Control 
group and Group TR yielded F (1, 30) 
— 5.21, p « .05, for groups. Hence, in 
Group TR the omission of List 1 stimuli 
substantially reduced but did not eliminate 
RI for the OM pairs. 

Тће results indicate that suppression of 
the entire set of List 1 responses was a 
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strong influence on recall in Group FLR, 
since OM pairs showed almost as much RI 
as did PR pairs in this group. In contrast, 
Group TR showed considerably less RI for 
OM than for PR pairs. Since both OM 
and PR pairs were subject to suppression 
of the first-list response repertoire, while 
only PR pairs were subject to unlearning 
during IL, these results suggest that specific 
associative unlearning was an important 
source of retention decrement in Group TR- 
Furthermore, since RI for PR pairs was 
only slightly greater in Group FLR than 
in Group TR (66% vs. 61%), it appears 
that specific and general components 0 
RI are not additive (opportunities for 
Specific associative unlearning during 
were, of course, the same in both groups): 
Hence, providing Ss with the interpolatec 
responses at the time of recall (GrouP 
FLR) may maintain suppression of the 
entire set of List 1 responses, but may also 
mask the influence of specific associative 
unlearning. 

It seemed advisable to replicate Groups 
FLR and TR, but the coming end of the 
School year precluded a complete repli- 
cation. The decision was made to run 18 
Ss in Group FLR, and the same Æ con- 
ducted the replication. The outcome 9 
the replication was surprising. Mean 
scaled recall of PR pairs was .64, and mean 
scaled recall of OM pairs was 1.27. The 
difference between OM and PR was signifi- 
cant, F (1,15) = 15.54, p < .01. The 
replication of Group FLR essentially dupli- 
cated the results previously found in GrouP 
TR (see Table 1). At this point, it aP- 
peared that the type of retention test was 
not a critical factor in the recall of OM anc 
PR pairs. Instead, the results indicate 
that OM pairs probably have а b 
advantage over PR pairs at the time 0 
recall. The advantage is small, however: 
and recall may be subject to many other 
influences. (e.g., idiosyncratic differences 
between Ss in the difficulty of particular 
List 1 pairs, etc.). 

It will be recalled that the previous study 
(Birnbaum, 1970) showed that the omission 
of particular List 1 stimuli did mot reduce the 
amount of RI for the corresponding List 
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Pairs (OM pairs). It now appears that the 
Small and nonsignificant differences ob- 
Served in that study were attributable to a 
Teal difference between OM and PR pairs. 
The OM versus PR differences were 
evaluated using a between-Ss_ design. 
еса] of actual OM and PR pairs was 
compared with recall of "mock" OM and 
Pairs. The design of the present study 
Permitted a simple within-Ss comparison, 
4 More sensitive measure of the effect of 
RU versus PR. It should be noted that a 
Pertority of recall of OM pairs in the 
Pius study was suggested only in the 
SH ups for which two rather than four 
muli had been omitted in IL. Hence, 
f Present study may have used the most 
E orate procedures for detection of a 
E erence between OM and PR pairs, a 
ithin-Ss design and omission of only two 
E stimuli from the IL lists. In the 
inte four List 1 stimuli were 
ed from the interpolated lists. 


EXPERIMENT II 
Method 


_ Desig 
оса 
omit 
e 


n—Two groups learned three paired- 
€ lists which conformed to the A-B, A-C, 
Paradigm. Four of the 12 List 1 stimuli were 
~ жы from the second and third lists. Over the 
Vere ренеп, three different sets of 4 stimuli 
каца) 509 аѕ omitted stimuli, and each set was used 

gs xen each group. On the self-paced test 
Wit o of List 1, Ss in Group FLR were provided 
While ae entire set of 16 interpolated responses, 
Fee Sun Group TR were asked to recall all of the 

Ponses which had been paired with each stimulus. 
angiterials—The three lists used for OL were the 
arie as those used in Exp. І. For IL, three different 
ы, of two 8-pair interpolated lists were derived 


ignment of IL lists to 58 were 
principles used in Exp. 1. Each List 1 
А omitted from only one of the three sets 
lists, and each set of IL lists was randomly 
ed to two of the six Ss who learned a particular 
M oe In each group. 
the аго тес Most of the details of procedure were 
Бас м Exp, 1 апа п, with the following 
shores ез. Shorter IL lists in Exp. П produced a 
2 T retention interval, 18.75 min. instead of 
min. Also, the instructions for recall in 
Els мыр Pes “some of the nonsense 
Second and d ep irst list also appeared in the 
listene qun ists you learned." In Exp. 1, the 
s 5 for recall in Group TR made no mention 


ether some or all of i i i 
a the Lis s 
Ppeared on the IL E ne List 1 stimuli had 


Assign, 


Group 
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TABLE 2 
Mean Sc D RECALL AND ESTIMATED PERCENT 
RETROACTIVE INHIBITION (RI) 
Group 
Type of pair - 

FLR | TR 

PR 82 | 93 
(50%) (43%) 

ом 11 | 1.35 
(32%) | (26%) 


Note.—FLR = ist Recall group and TR = Total 
Recall group. PR rs from which stimuli were present on 
the interpolated lists and OM = pairs from which the stimuli 
were omitted, 


Subjects.— The Ss were 37 paid volunteers who 
were recruited in summer session classes and campus 
student centers at the University of California, 
Irvine. One of the Ss was discarded because of a 
procedural error. The assignment of Ss to groups 
was made in blocks of 2, with 1 S per group in each 
block. The assignment of lists, balancing within 
groups, etc., followed the rules used in Exp. 1. 


Results 


Original learning.—YThe mean number of 
trials to the criterion of 8/12 correct in OL 
was 6.94 in Group FLR and 7.94 in Group 
ТЕ. А two-way analysis of variance of 
trials to criterion yielded 7s < 1.00 for 
groups and the interaction of Groups 
X Lists and, F (1, 30) = 1.95, p > .10, for 
lists. 

First-list recall—The mean total number 
of List 1 responses given to the appropriate 
stimulus was 5.50 and 6.17 in Groups FLR 
and TR, respectively. A two-way analysis 
of variance (groups; OL lists) of total 
number correct at recall yielded no signifi- 
cant main effects or interactions, all 
ps > .10. 

Тће mean recall of OM and PR pairs 
expressed on a scale from zero to two is 
shown in Table 2. On the basis of the 
results of Exp. I, it was assumed that the 
mean scaled recall for OM and PR pairs 
in a control group would have been ap- 
proximately 1.64. The estimated percent 
RI was calculated using this figure and is 
shown in parenthesis below each entry. 
A three-way analysis of variance (Groups; 
OM vs. PR pairs; OL lists) of scaled recall 
yielded one significant effect, OM Уве 
PR, F (1,30) = 6.94, p <.05. For all 
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other main effects and interactions, 
ps .10. 


GENERAL DISCUSSION 


Comparing the results of Exp. I and II, the 
absolute level of recall of OM pairs for experi- 
mental groups was similar in both experiments 
and, in general, was significantly higher than 
the recall of PR pairs. Mean scaled recall of 
PR pairs was somewhat higher in Exp. II than 
in Exp. I, as would be expected on the basis 
of the shorter IL lists used in Exp. II (Birn- 
baum, 1970). It appears that the unlearning 
of specific first-list associations made a sub- 
stantial contribution to the observed retention 
losses. The PR pairs, subject to both specific 
and general sources of interference, showed 
significantly greater RI than did the OM pairs 
which were subject only to general List 1 
response suppression. 

The previous study (Birnbaum, 1970) con- 
tained four comparisons of recall of OM 
versus PR pairs? and a total of five experi- 
mental groups was run in the present experi- 
ments. Considered as nine independent tests 
of the same hypothesis (Winer, 1962, рр. 
43-44), the results demonstrate that recall 
of OM pairs is superior to recall of PR pairs, 
X (18) = 46.58, р < .001. If the overall 
retention losses in the experimental groups 
were attributable largely to suppression of the 
first-list response repertoire, as opposed to 
specific associative unlearning, there would 
have been little or no difference in the recall 
of OM and PR pairs. The findings thus 
warrant the conclusion that there was a 
substantial amount of specific associative un- 
learning. In addition, the fact that the 
omission of List 1 stimuli reduced but did not 
eliminate RI for the OM pairs (Exp. I) 
indicates that suppression of List 1 responses 
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and 12D versus 8D. à versus 8S, 
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also made a significant contribution to first- 
list retention loss. 

It is important to note that seven of the 
nine comparisons made above involved experi 
mental groups that had learned two interpo- 
lated lists. It is possible that interpolation 
of a single А-С list would have produced less 
specific associative loss than was observed in 
the present experiments. It has been ve 
established that multiple interpolation lea п 
to greater RI than does single interpolat? 
(Birnbaum, 1968; Howe, 1967; Postma 
1965). Whether the increases in RI M. 
multiple interpolation resulted from incre 
in specific or general sources of interferenc? 
or both, remains an open question. ay 
utilization of the OM versus PR design 445 
provide ап answer to this question МИА ТУ 
similar questions concerning the locus of sons 
list retention losses under different condit! 
of transfer. 
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PREDICTION OUTCOME AND CHOICE REACTION TIME: 


STIMULUS VERSUS RESPONSE ANTICIPATION ! 


CHARLES P. WHITMAN anxn E. SCOTT GELLER °? 


Virginia Polytechnic Institute and State University 


Choice latency was significantly influenced by the outcome of Ss’ predictions 
on current and preceding trials in a discrete three-stimulus, two-response ге- 
action time (RT) experiment. Three mutually exclusive categories of pre- 
diction outcome (PO) were correct stimulus and response prediction (CoS- 
CoR), incorrect stimulus and correct response prediction (InS-CoR), and 


incorrect stimulus and response prediction (InS-InR). 


Mean RTs of the 


current PO category, CoS-CoR, were significantly faster when the preceding 


PO was CoS-CoR. 


Mean RTs following an InS-CoR prediction were faster 


than RTs following an InS-InR prediction only when the preceding PO was 
InS-CoR. These results were interpreted as indications of the facilitation of 
the stimulus-identification or the response-selection components of the choice 


reaction process. 


and the complexity of the S-R relations 


езіп with a study by Bernstein and 
M er ну and continuing through the 
hipley (e.g., Geller, Whitman, Wrenn, & 
(RT Y, 1971), several choice reaction time 
E cee Beng required Ss to 
Choice the next stimulus following each 
in this reaction. The continued interest 
Consist design has been generated by the 
cant] jp finding that Ss react signifi- 
the y laster when they correctly predict 
Stimulus than when their prediction 
Codigo. Since Ss’ predictions are 
Y Seius de of expectation, many of the 
akin S developed to explain the effect of 
Becr à correct prediction have used an 
Gd hypothesis. One of the funda- 
iba questions asked by expectancy 
results 515 whether 5s stimulus prediction 
Perce; in preparation (or facilitation) to 
Particul, a particular stimulus, to select a 
fee ular response, ог to perform both of 
reacti cognitive components of the choice 

Оп process. 


Was 
Ind 


18 
Cee by the Small Grants Program of the 
пи of Arts and Sciences, Virginia Polytechnic 
m Henne State University. This research was 
Westar КЫРУ college gift equipment contributed by 
Eton n Electric Company and the Chesapeake and 
due EY Company. Special thanks are 
equipment а F. Wrenn for constructing the logic 
белшен for reprints should be sent to E. Scott 
technic bleu ad © a Хурше на 
+ itute a ta versity: 
УА е and State University, Blacksburg, 


The implications of 


an interaction between preceding PO 
hip were discussed. 


Hinrichs and Krainz (1970) concluded 
that shorter choice latencies following cor- 
rect predictions are due to facilitating the 
stimulus identification component of the 
choice reaction process, while Keele (1969) 
found the prediction outcome effect to be 
attributed to facilitation of the response- 
selection process. There have also been 
studies which supported the view that only 
a combination of stimulus and response 
facilitation could account for the faster 
reactions to correctly predicted events 


(e.g., Bernstein, Shurman, & Forester, 
1967). To resolve this issue, Hinrichs and 


Krainz (1970) used the three-stimulus, 
two-response design introduced by LaBerge 
and Tweedy (1964) to study the effects of 
prediction outcome on choice RT. Since 
two stimuli are mapped onto one response 
with this design, 58 may correctly predict 
the response while incorrectly predicting 
thestimulus. With this paradigm, Hinrichs 
and Krainz (1970) found that choice RTs 
to correctly predicted stimuli were signifi- 
cantly faster than choice RTs to incor- 
rectly predicted stimuli but that choice 
RTs to incorrectly predicted stimuli were 
not influenced by the outcome of the re- 
sponse prediction. In other words, when 
Ss' predictions resulted in an incorrect 
anticipation of the stimulus but à correct 
anticipation of the response, their choice 
reactions were not reliably faster than those 
following an incorrect prediction of both 
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stimulus and response. Therefore, the 
authors concluded that the facilitation of a 
choice reaction to a correctly predicted 
event was due to stimulus anticipation 
rather than to response preparation. 
Recent studies by Whitman and Geller 
(1971a, 1971b) demonstrated that choice 
R'T in a two-stimulus, two-response design 
is significantly influenced by the prediction 
outcome (PO) of trials preceding the cur- 
rent event as well as the PO of the current 
trial The consistent finding of these 
studies was that reaction latencies to cor- 
rectly predicted events were shorter if the 
preceding event was correctly predicted. 
However, when the current stimulus pre- 
diction was incorrect, the effect of the pre- 
ceding PO on choice RT was dependent 
upon S-R compatibility (Whitman & 
Geller, 1971a). Specifically, with a com- 
patible S-R relationship, the effect of the 
preceding PO on Ss’ latency to identify 
incorrectly predicted events was longer 
when the preceding prediction was correct 
than when it was incorrect. This finding 
was consistent with the continuous ex- 
pectancy notions presented by Geller and 
Pitz (1970). On the other hand, with an 
incompatible S-R relationship, choice la- 
tency was shorter to those incorrectly pre- 
dicted events preceded by correct POs 
ran to those preceded by incorrect POs. 
См the effects of preceding PO on choice 
і О incorrectly predicted events were 
а by the level of compatibility or 
p BIG DE the S-R relationship. 
к ud the present study, like 
discrete cision ang 7 айе (1970), мазга 
three stimulus m uo es 
two responses pum mapped onto 
Я _ Mor to each stimulus 
presentation, Ss predicted which of the 
three stimuli they expected 
Since a correct response а 
not necessarily be also a correct stimulus 
anticipation with such a design, one pur- 
pose of the present study was to determine 
the relative influence of stimulus or re- 
sponse facilitation in preceding and current 
PO effects. The S-R compatibility condi- 
tion used was quite different than those 
with which preceding PO effects were 


to occur. 
Nticipation may 
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previously studied (Whitman & Geller, 
1971a, 1971b). Although Hinrichs and 
Krainz assumed a three-stimulus, two- 
response design to be relatively compatible, 
the third stimulus would probably make 
such a design more complex бе, ши. 
patible) than a two-stimulus design with 
natural S-R pairings (cf. Smith, 1968). 
"Therefore, the three-stimulus design of ЧИ 
present study was more incompatible Ше 
the compatible condition of the Ms 
and Geller (1971a) study but was perhap 
more compatible than the two-stimulu 
condition of that study which employe 

unnatural S-R pairings. Consequent У, 
because contrasting effects of preceding 

on choice RT to incorrectly predict? 
events were found for two conditions We 
represented opposite extremes of S-R ks 

patibility (Whitman & Geller, 19712); M 
since the S-R relationship of the presen 
experiment was of moderate compatibility, 
the effect of preceding PO on choice A 
following incorrectly predicted stimuli У“ 

of special interest in the present study: 


METHOD 


Subjects.—Twenty Ss (15 males, 5 females) ран 
ticipated in individual sessions. All Ss were vee d 
teers enrolled in introductory psychology classes. 3 
Virginia Polytechnic Institute and State Unive ai 
and received optional research credit for 
participation. Saal were 

Apparatus and procedure.—The three stimuli ip. 
the symbols U, M, and (verbally labeled то 
"down," and "square," respectively). These sti © 
were presented by a } X2 in. digital Niger 
mounted behind a one-way mirror. During ould 
session, the room was dimly lit such that 5 
not see the readout unless it was illuminated. Hing 


t N : А u 
Тће identification response consisted of Pin a 


б а Н А е same 
25% of the 200 trials and were paired with thes on 
Since the square stimulus оссштте. 


inr " identi. 

the remaining 50% of the trials and was s were 
mc 

3 ; rigg? 

equally probable. Ten Ss pulled the right ently 
РОНА 


was 
sponse for LJ or M and a right response for 0) 
trate 
while making their predictions and empleo enti- 
importance of both speed and accuracy леп. thi 
fying each stimulus, The Ss were told 


Y 
ушн є wed pare 
Stimuli were preprogrammed on punched | 


Ву ——————Y7À 


— 


| | 
tape but were not informed of the relative frequency 
of each stimulus. At the beginning of the session, 
each 5 was given 10 practice trials during which 
Errors concerning his task were answered. 
сом Se verbal prediction, a brief warning 
ea opn ed which signaled the beginning of a 
dM ке interval of less than 2 sec. to precede 
E ulus presentation. The Ss’ choice reaction 
а off the stimulus and stopped a Hunter 
‚соп, The predictions, the errors, and the 
esponse latencies were manually recorded. Errors 
та рама responses D merce identifica- 
et occurred on less than 5%. of the trials and 
not considered in the analysis. 


RESULTS 
[оздеш the anticipations of stimuli 
stim responses separately in the three- 
ulus paradigm resulted in 3 types ofa 
Prediction outcome (PO). A correct stimu- 
E prediction (CoS) necessarily implied a 
a rect response prediction (CoR), whereas 
| ете stimulus prediction (InS) was 
a | à correct response prediction (CoR) 
n incorrect response prediction (InR). 
app cently, the 3 PO categories and their 
ea were as follows: correct pre- 
E of stimulus and response (CoS-CoR), 
кеш stimulus and correct response pre- 
ic ion (InS-CoR), and incorrect predic- 
n of both stimulus and response (InS- 


1 3 А 
E. , These 3 mutually exclusive PO 
po омеа defined 3 categories of current 


and, within each current PO condition, 
the categories of a preceding PO. Thus, 
теа КТ of Trials 2 through 200 was 
b м in one of nine categories determined 
Mies X 3 factorial of preceding and 
т PO. For example, the entry ofa 
fent. S in the category representmg cur- 
of T POs of CoS-CoR and preceding POs 
Ч as oR was the mean latency over all 
stin, s on which that 5 made a correct 
ae and correct response prediction 
но the immediately preceding trial had 
тез е an incorrect stimulus and correct 
yee prediction. No S had fewer than 
atency entries to be averaged in any 
Category. 

The mean choice RT for each PO cate- 
Sory is depicted in Fig. 1. Given a current 
(Cos. опоо stimulus and correct response 
Whe s PR), choice reactions were fastest 
пари ће preceding PO was CoS-CoR but 

1 elativelv * Р seedi 
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PRECEDING PREDICTION OUTCOME 


Fic. 1. Choice reaction time as a function of 
preceding and current prediction outcome categories. 
(CoS-CoR refers to a correct stimulus and response 
prediction, InS-CoR an incorrect stimulus and 
correct response prediction, and InS-InR an in- 
correct prediction of both stimulus and response.) 


PO of incorrect stimulus and correct re- 
sponse (InS-CoR). In contrast, given à 
current PO of InS-CoR, choice latency was 
shortest when the preceding PO was InS- 
CoR but was relatively uninfluenced by а 
preceding PO of CoS-CoR. Finally, when 
the current PO was incorrect for both 
stimulus and response (InS-InR), choice 
RT was apparently not affected by pre- 
ceding PO. The overall analysis of vari- 
ance, a 3 (Current PO) X 3 (Preceding PO), 
indicated significant main effects of both 
current PO, F (2, 38) — 40.00, and pre- 
ceding PO, F (2, 38) = 9.80, and a sig- 
nificant interaction between current PO 
and preceding PO, F (4, 76) — 6.69, all 
ps < .001. The interaction may be largely 
accounted for by the finding that the in- 
fluence of preceding PO was dependent 
нров the current РО, ]n order to examine 
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TABLE 1 


ABSOLUTE / VALUES BETWEEN THE PRECEDING PRE- 
+ OUTCOME CATEGORIES WITHIN EACH 
CURRENT PREDICTION OUTCOME CATEGORY 


Preceding prediction outcome comparisons 
Current pre- 
diction out- 


come CoS-CoR vs. | CoS-CoR vs. | InS-CoR vs. 
InS-CoR | InS-InR. InS-InR. 
CoS-CoR 3.05* | 4.75* 1.45 
InS-CoR 3,11* .96 3.22* 
InS-InR | .61 | 1.03 1.70 
Note.—Degrees of freedom = 19, 


жр <.01 (two tailed). 


this complex interaction, the differences 
between latencies of individual PO cate- 
gories were examined by a series of post 
hoc (i.e., two-tailed) ¢ tests. 

As demonstrated in Table 1, when the 
current PO was CoS-CoR, a correct pre- 
diction on a preceding trial resulted in a 
faster choice reaction only when both the 
stimulus and the response had been cor- 
rectly predicted (CoS-CoR). An incorrect 
anticipation of the stimulus paired with a 
correct anticipation of the response (InS- 
CoR) on a preceding trial did not influence 
choice RT toa correctly predicted stimulus 
(CoS-CoR). Such is indicated by the re- 
liable difference (p < .01) between mean 
latencies for preceding PO categories CoS- 
CoR and InS-CoR and by the lack of a 
significant difference between the 
choice RTs of preceding PO categories 
InS-CoR and InS-InR when the current 
PO was CoS-CoR. On the other hand, 
given a current PO of InS-CoR, a correct 
anticipation of only the response (InS-CoR) 
ona preceding trial significantly shortened 
Ss choice RT оп the subsequent trial 
бе. the differences between mean laten- 
cies for preceding PO category InS-CoR 
and preceding PO categories CoS-CoR and 
InS-InR were significant, bs < .01). The 
results of the ¢ tests also showed that 
choice RT following an incorrect stimulus 
and incorrect response prediction (InS- 
InR) was not significantly influenced by 
the PO of the preceding trial. 

It is of considerable interest to examine 
the data presented in Fig. 1 with a slightly 
different approach. That is, instead of 
studying the effects of preceding PO within 
the three categories of current PO, it is 


mean 
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worthwhile to consider the effects of current 
PO within the three categories of preceding 
PO. In Fig. 1, this corresponds to selecting 
a preceding PO category on the abscissa 
and comparing the effects of current P 
category on the ordinate. Given a pre 
ceding PO of CoS-CoR or of InS-InR, 
there was no significant difference between 
the choice RTs of the current PO M 
gories: InS-CoR and InS-InR (both f 
7.3) However, when only the respons 
was correctly predicted on the preces 
trial (InS-CoR), there was a reliable d 
ference between current PO categori 
InS-CoR and InS-InR, # = 2.18, Р bs 5: 
If the preceding PO was CoS-CoR ог d 
InR, then correctly predicting only ni i 
sponse (InS-CoR) on the current tria 
not influence choice RT. 


DISCUSSION 


Considering the effects of current PO ШО 
each of the three categories of preceding | of 
there was a significant facilitating effec 
correctly predicting both the stimulus ES 
sponse in every case. In addition, give > 
preceding PO of correct stimulus and € = 
or of incorrect stimulus and response: | 
were no significant differences between hus: 
current PO categories, incorrect stim" 


T a 
М а 
Correct response and incorrect stimulus f 


was о 
correct response, there was a reliable eff т 
currently predicting only the response 
rectly. The implications of these result ісі 
in contrast with the conclusions of Ні?” 
and Krainz (1970), that PO effects ат Nel 
entirely to stimulus anticipation. How’ Це 
since collapsing across the preceding ‘stent 
gories would result in mean latencies consi 6 
with the findings of Hinrichs апа Krain the 
inference to be made is that the P 
Preceding trial influences the extent tO 
response anticipation shortens choice p / 
to correctly predicted events. Clearly t? tio” 
stimulus rather than response авер осе 
Was demonstrated to be the primary eding 
RT determinant in two of the three рге 
Prediction outcome categories. ing b 
Considering the effects of preceding s, 2 
Within each of the current PO cates? ‘cated 
Noteworthy result was the one which !? 


which 
ncic? 


| 
| 
| 
Í 
| 
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that stimulus anticipation may be the more 
prominent factor contributing to the effect of 
preceding PO on choice RT. That is, the 
comparison between the latencies of the PO 
Categories preceding a current PO of correct 
Stimulus and response indicated that choice 
RT was greatly facilitated by a preceding PO 
of correct stimulus and response. However, 
there was no significant difference between 
mean latencies of the preceding PO categories 
incorrect stimulus-correct response and in- 
Correct stimulus-incorrect response. Thus, 
When the current PO was a correct stimulus 
ànd response, the effect of preceding PO was 
apparently due to stimulus rather than re- 
Sponse anticipation. In contrast, when the 
Current PO was incorrect stimulus-correct re- 
Sponse, the observed effect of preceding PO 
id implicate response preparation. Specifi- 
cally, given a current PO of incorrect stimulus- 
Correct response, only the preceding PO of 
incorrect stimulus-correct response facilitated 
choice reactions. Although the theoretical 
Implications of this finding are not clear, it is 
Important to note that correct response prepa- 
Tation did significantly influence choice RT 
for this particular preceding PO category. 

It should be noticed that choice RT to an 
incorrectly predicted stimulus and response 
Was not significantly influenced by preceding 

Such a result is unlike any previous 

р Servations of preceding PO effects on choice 
„to incorrectly predicted events (Whitman 

& Geller, 1971a, 1971b). Perhaps this unusual 
result may be explained by the differences in 

* compatibility of the S-R relationships 
Used. That is, the three-stimulus, two-response 

€sign of the present study is less compatible 

han the compatible condition of the Whitman 
and Geller (1971a) study but is perhaps more 
Compatible than the incompatible condition of 
that study (cf., Smith, 1968). Then, com- 
ining the results of Whitman and Geller 
(1971a) with those of the present study: 
Correct POs preceding an incorrect PO in- 
hibit choice RT when the S-R relationship 
15 extremely compatible, have no effect on 
Choice RT for a moderately compatible con- 
dition, and facilitate choice RT if the S-R rela- 
tionship is extremely incompatible. The sug- 
Sestion is that the effect of preceding PO on 
Choice reaction to incorrectly predicted events 
ranges from inhibition to facilitation as the 
5R relationship becomes more incompatible. 

In summary, the present study found choice 
RT in a three-stimulus, two-response design 
to be significantly influenced by the outcome 


of бо nr АРЕ T 
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identification response and that the facilitation 
due to a correct prediction may be attributed 
to either stimulus or response expectancy. 
Although stimulus effects were of a more 
striking nature, response effects were evident 
in the effect of current PO when the preceding 
PO involved incorrectly predicting the stimuli 
while correctly predicting the response. Thus, 
the results of the present study indicated the 
necessity of considering preceding as well as 
current PO in research attempting to discern 
between stimulus and response influences in 
PO effects. The effect of preceding PO on 
choice latency to correctly predicted stimuli 
was consistent with the results of previous 
studies. However, the absence of a significant 
effect of preceding PO on choice RT to in- 
correctly predicted events was inconsistent with 
earlier findings and demonstrated the sensi- 
tivity of the preceding PO effect to S-R com- 
patibility factors. 
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INTERHEMISPHERIC EFFECTS ON CHOICE REACTION TIMES TO 
ONE-, TWO-, AND THREE-LETTER DISPLAYS! 


CARLO UMILTA,? NANCY FROST, лхо RAY HYMAN * 


University of Oregon 


In Exp. I, 16 normal right-handed Ss saw letters presented either to the right 
or left of a central fixation mark. The Ss pressed a key when those stimuli 
designated as positive appeared, and did not respond to all others. Both 
right- and left-hand responding were used. Analysis of correct responses in- 
dicated a nonsignificant left hemifield superiority with one letter, and signifi- 
cantly faster responding to right hemifield presentations for two- and three- 
letter displays. In Exp. Il, 10 Ss responded to single letters, differing 
simultaneously in visual and phonemic discrimination. Reaction times can 
be interpreted to indicate faster phonemic discriminations of vowel and stop 
consonant sounds for left and right hemifields, respectively. Results are 
discussed in terms of hemispheric specialization and interhemispheric trans- 


mission of visual information. 


Recently, many studies have dealt with 
the subject of cerebral dominance in man 
by using the choice reaction time (RT) 
paradigm. Essentially, latencies are mea- 
sured for discriminative responses to a 
visual pattern whose recognition is thought 
to be subserved predominantly by one par- 
ticular hemisphere, In such tasks, stimuli 
presented in the visual hemifield projecting 
to the specialized hemisphere should be 
responded to faster than stimuli presented 
in the other visual hemifield, since in the 
first Case the visual input is directly re- 
ceived and processed by the specialized 
hemisphere, Motor responses are often 
preferred to vocal responses because the 
latter are probably initiated only by the 
Tat Pemisphere (Gazzaniga & Hillyard, 

j.PPerry, 1968). This implies that 
an RT advantage Should occur for stimuli 
presented in the right visual hemifield due 
merely to the required verbal response. 
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em ‚ їп 
The results so far achieved by using 


n _ hemifie 
motor responses indicate a left hem! 


(.e., right hemisphere) superiority E 
responses to pictures of human d 
(Geffen, Bradshaw, & Wallace, Т2 
Rizzolatti, Umiltá, & Berlucchi, 1970), 
Such data support the concept that b 


analysis, storage, and retrieval of Mes 
material are better performed by the r!E 

hemisphere when stimuli are coded in n 
of certain spatial and configurational ie, 
tributes. Likewise, one would expect Y 
right hemifield (i.e., left hemisphere) sup? 
riority for responses to verbal stimuli, 8116 
the analysis, storage, and retrieval of vison 
material endowed with verbal meaning 7 
most efficiently carried out by the '€ 

hemisphere (see review by Geschwin р 
1970). However, the experiments € 
cerning this subject have yielded 507" 
contradictory findings.  Rizzolatti et 25 
(1971) апа Geffen et al. (1971) found hr 
advantage for right hemifield presentatio! 
by using single letter and number stimu И 
respectively. То the contrary, a left һе, 
field superiority for responses to sing 

letters has been reported by Klatzky (1970) 
Klatzky and Atkinson (1971), and Mosk? 
vich.5 These authors did, however, find = 
right hemifield superiority for responses 19 
single letters when the memory load was 


~ RC У 
5 Moscovitch, M. А. A choice reaction ume me 
measuring the verbal abilities of the minor ^' 


Sphere. Manuscript in preparation, 1972. 


According to this concept, matches in- 
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increased from one letter to six (See Foot- 
note 5), or when Ss were forced to retrieve 
the first letter of a word in order to per- 
form the correct response (Klatzky, 1970; 
Klatzky & Atkinson, 1971). 

The work of Posner (see review, 1969) 
Suggests that these discrepancies might be 
accounted for, since it is known that 58 can 
Perform the task by matching single letters 
9n either a physical or a name basis. 


pe ving physical codes show an advantage 
or stimuli presented to the left hemifield 
Le., directly to the right hemisphere), 
While matches involving a name code show 
ап advantage for stimuli presented to the 
right hemifield (i.e., directly to the left 
Nemisphere). 

Up to this time, two major hypotheses 
Nave been proposed to explain, in terms of 
Cerebral specialization, the observed differ- 
ences between the two hemifields with re- 
Sard to the speed of response to various 
Sümuli (Filbey & Gazzaniga, 1969; Gaz- 
zaniga & Hillyard, 1971; Geffen et al. 1971). 

he first suggests that the superiority of 
9ne visual hemifield for some visual stimuli 
55 due to the fact that stimuli thus pro- 
ted reach directly the specialized hemi- 
Phere where they are immediately pro- 
Cessed; while, if they reach the brain from 
s other visual hemifield, they have to 
i oss from the nonspecialized hemisphere 
to the other side of the brain for analysis. 

herefore, according to this hypothesis, the 
ifference in response time to stimuli pre- 
Sented in the two visual hemifields reflects 
the time necessary for interhemispheric 
transmission of visual information from the 
be реше од hemisphere to the specialized 
ne, 

Тће second hypothesis suggests that the 
Nonspecialized hemisphere can also analyze 
Visual material presented to the corre- 
Sponding visual hemifield, but takes longer 
than the specialized hemisphere to do so. 

herefore, according to this hypothesis, 
the difference in response time between the 
two visual hemifields merely reflects the 
difference in processing speed between the 
two hemispheres. 

The present experiments are designed (a) 


d | 


to investigate the discrepancies in the 
results obtained with verbal material, (b) 
to confront the two explanatory hypotheses 
which have so far been reported, and (c) to 
discover whether the difference in RT 
between the two visual hemifields in- 
creases with the complexity of the required 
discrimination. 


EXPERIMENT 1 
Method 


Subjects.—Ten male and 6 female Ss served in 
Exp. 1. АП were right-handed and had normal or 
corrected vision; all were uninformed as to the 
purpose of the experiment and were paid $1.50 an 
hour for their participation. Each 5 was run 
individually in five 80-min. sessions, on 5 consecutive 
days. 

Apparatus.—Stimulus presentation, response scor- 
ing, and all interval and latency timing were con- 
trolled by a DEC PDP-9 computer. Twenty capital 
English letters comprised the stimulus set. These 
letters were displayed 1, 2, or 3 at a time on a 
17.5 X 23 cm. oscilloscope screen. Directly beneath 
the center of the screen was a single key which 5 
could press with either his right or his left index 
finger. Directly in front of the oscilloscope was a 
chin rest which positioned S's eyes at the same 
height as, and approximately 34.3 cm. away from, 
the center of the screen. In the middle of the screen, 
a fixation cross (6 Х 6 mm.) appeared 1 sec. before 
stimulus onset and remained throughout a 100-msec. 
stimulus display (200-msec. during the first, practice, 
session) and a 100-msec. masking interval (during 
which a solid grid of light, 6 X 8 mm., erased each 
stimulus letter; the masking interval insured that 
the oscilloscope's decay time would not lengthen the 
actual stimulus display). Each stimulus letter 
appeared 6 X 8 mm. in size, with 4-mm. spacing 
between those stimuli presented in rows of 2 or 
3 letters. Between the center of the fi tion 
cross and the center of the 1- and 3-letter displays 
there was a distance of 48 mm. (i.e., a visual angle of 
approximately 8°2'); 43 mm. (i.e., approximately 
7°12') separated the center of the fixation cross and 
the center of the 2-letter displays. 

у Design.—The task was а "go-no go" discrimina- 
tion: S was required to press the key as soon as 
possible following the appearance of certain (posi- 
tive) stimuli and not to press the key following the 
appearance of other (negative) stimuli. A new trial 
began 3 sec. after the end of the last, whether or not 
S emitted a response, 

Three different experimental conditions were used. 
Each condition consisted of eight stimuli, randomly 
occurring with unequal probability. Two positive 
stimuli appeared with .26 probability ; while the 
probability of each of the six negative stimuli was 
“08. In the one-letter condition (Cl) the following 
letters appeared one at a time: ОС T, B, F, D; E; M, 
and О. For eight Ss, the positive stimuli were C and 
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TABLE 1 


EXPERIMENT I: OvERALL MEAN REACTION TIME, STANDARD DEVIATION, 
AND NUMBER or ERRORS 


Interaction 
Side of stimulus 
Cond. Statistic Side of stimulus and responding hand 
RF LF RF-RH RF-LH LF-RH LF-LH 
C1: one-letter display X 479.0 469.2 481.9 476.0 474.7 4655 
SD 108.4 103.8 112.3 101.7 105.6 99. 
Errors 76 58 43 33 24 34 
C2: two-letter display X 604.0 649.1 599.0 609.0 646.5 651] 
SD 107.2 139.6 111.5 101.3 139.3 139. 
Errors 281 472 123 158 248 224 
C3: three-letter display | X 622.9 685.2 618.4 627.4 680.8 EA 
SD 150.9 169.9 144.1 152.2 166.9 acl 
Errors 396 520 201 195 241 2 


Note,—Reaction times in milliseconds. RF, right visual hemifield; LF, left visual hemifield; RH, right hand; LF, left hand 


T, and for the other eight Ss, B and F were positive. 
In the two-letter condition (C2) the following letter 
pairs appeared one at a time: AW, NR, AG, AR, 
AH, NG, NH, and NW. The positive stimuli were 
always AW and NR. In the three-letter condition 
(C3) the following letter triplets were presented one 
at a time: ISU, ZPL, IPL, IPU, ISL, ZPU, ZSL, 
and ZSU. ISU and ZPL were always positive. The 
20 letters were randomly assigned to conditions, 
Pairings within C2 and C3, and to the positive and 
negative stimulus sets. The organization of the 
letter pairs and triplets in C2 and C3 forced S to 
read all letters in order to correctly respond to the 
Positive stimuli. 

By following E's instructions, S responded to a 
Series of trials with either his right or his left index 
finger. Thus four Hand Visual Hemifield combi- 
nations were possible in every condition: right hemi- 
field stimulus and right-hand response (RF-RH); 
right hemifield stimulus and left-hand response 
(КЕЛН); left hemifield stimulus, right-hand re- 
sponse (LF-RH); and left hemifield stimulus, left- 
hand response (LF-LH). 

Procedure.—]D urit 
darkened room, sep; 
Тће 80-min. sessio 
50 trials each. Af 


ng testing, S sat alone in a 
arated from E and the computer. 
n was divided into 12 blocks of 


il ter every 10 trials S has a rest of 
approximately 15 sec., during which the number of 


correct discriminations made on the last 10 trials 
was displayed in the center of the screen. On Days 
1 and 2 (practice sessions, whose data have not been 
used in the analyses), Cond. C1, C2, and C3 were 
run in respective order. On Days 3, 4, and 5 the 
order of C1, C2, and C3 were varied for each S 
according to a Latin square design. Within each 
condition, there were four blocks of trials (one for 
each of the Hand X Visual Hemifield combinations) 
whose order of presentation was varied randomly. 
Trials were blocked both by response hand and by 
visual hemifield in order to minimize effects of in- 


compatibility in RF-LH and LF-RH combinations. 
At the end of every block, 5 had a 1-min. rest during 
which he could read information pertinent to t d 
next block of trials; the screen displayed the positis 
stimuli and the side of the fixation cross on МС 
all stimuli would appear. The E then instructe! = 
to respond with either right ог left hand during t" 
block of trials to follow. Within each block ү 
trials, the stimuli were presented, according (0 "x 
above mentioned probabilities, in random sequenc 
monitored by the computer. ons 

At the beginning of every session the instructio” 
stressed that it was of paramount importance for 
to keep a good fixation during the task. 


Results 


An RT*and an error analysis of variano" 
using a three-factor repeated-measureme? 
design, were performed for each of the 
three conditions. In each analysis, the 
factors were: hands (H) with two levels, 
right and left; fields (F), right or left visu? 
hemifield ; and days (D) with levels for ts 
third, fourth, and fifth experimental ses 


Я . n 
sions. Тһе results are summarized ! 
Table 1. 


ê Significant correlations between mean RT E 
both hemifield presentations (X) and the differen 
in RT for the two hemifields ( Y) indicated that a 2 
transformation was appropriate in all further analy 
sis of RT data. Therefore, analyses of variance 
RTs were performed on both raw and transform?" 
times. No essential differences resulted in the tW 
methods of analysis, except for slightly enhance 
significance using the transformed scores. ОЛ 
those Fs for transformed RTs are reported. 
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There was a 9.8-msec. advantage for the 
left visual hemifield, F (1, 15) — .794, 
b > .20, and errors were fewer for left 
hemifield presentation, F (1, 15) — 1.869, 
p > 10. No source of variance in either 
RT or error analyses attained significance; 
half of the Ss in the Cl condition showed 
faster RTs in the left hemifield and half of 
the Ss were faster to right hemifield 
Presentation. | 

In Cond. C2, Source F is significant for 
oth RT and error data. There was a 45.1- 
Msec. advantage for the right visual hemi- 
field, F (1, 15) = 22.585, р < .001, and 
errors were fewer for right hemifield pre- 
Sentation, F (1, 15) = 21.342, р < .001. 

П 16 Ss were faster with right hemifield 
Stimulus presentation. The Н X Е inter- 
action attained significance in the error 
analysis; errors were fewer when the re- 
Sponse was performed by the ipsilateral 
hand, F (1, 15) = 5.440, р < .05. 

In Cond. C3, Source F is again significant 
ог both RT and error analyses. There was 
а 62.3-msec. advantage for the right visual 
hemifield, F (1, 15) = 10.841, p < .005, 
and errors were fewer for right hemifield 
Presentation, F (1, 15) — 7.253, p « .025. 

he RTs for 14 of the 16 Ss were consistent 
With these results. No other sources of 
Variance for either C2 or C3 analyses 
Attained significance. 

An analysis of variance for a one-factor, 
Tepeated-measurement design was per- 
9rmed to test the difference between the 
"ight hemifield advantage noted for C2 and 
C3. While the left-right hemifield differ- 
€nce was greater in C3 than in C2 for 10 
of the 16 Ss, the right hemifield advantage 
Was not significantly larger for C3, F (1, 15) 
^ 2.018, p > .10. 


EXPERIMENT II 


The one-letter condition has failed to 
Support either those results which reported 
?n advantage for the right visual hemifield 
rd those which demonstrate an advantage 

or the left visual hemifield. The lack of 
аи and consistent results in Cond. 
{очу be explained by the hypothesis 

hich states that Ss can process single letter 
Stimuli on either the name or shape level. 
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However, such an explanation is unsatis- 
factory without a better understanding of 
those conditions under which name matches 
or physical matches take place. Another 
hypothesis is suggested by Crowder (1971): 
that the left (or dominant) hemisphere can 
process better the phonemic information 
carried by stop consonants; whereas, vowel 
sounds are better processed by the right 
(or nondominant) hemisphere. If this 
holds also for visually presented material, 
the implication for the present paradigm 
is that discriminations involving letters 
differentiated, when pronounced, only by 
consonant sounds (e.g., "dee," “тее,” and 
"bee") should be performed better by the 
left cerebral hemisphere. Discriminations 
involving letters which differ, when pro- 
nounced, in terminal vowel sounds should 
be performed better by the right cerebral 
hemisphere. Cond. C1, it should be noted, 
is mixed from this point of view (e.g, С 
and O can be discriminated by terminal 
vowels, while C and D cannot). 

The second experiment was designed to 
investigate both the Posner (1969) and 
the Crowder (1971) hypotheses. Two con- 
ditions were used, one in which all stimuli 
contained the same (‘‘ee’’) vowel sound but 
in which positive and negative stimuli were 
easily discriminable by shape. The second 
condition contained stimuli which were 
highly similar in shape but which were dis- 
tinguishable, positive from negative, by 
both consonant and vowel sounds. It was 
reasoned that if name-shape matches were 
operating in the one-letter condition, then 
the former (visually distinguishable) stimuli 
should produce a right cerebral hemisphere 
advantage; and vice versa for visually con- 
fusable stimuli whose names are easily 
discriminated. However, if the advantage 
of one hemisphere over another was deter- 
mined at a phonemic level, then the former 
stimulus condition should produce the 
reverse effect (ie, a left hemisphere 
advantage). 


Method 


Subjects—Ten new right-handed and normal 
sighted Ss, 6 females and 4 males, served in Exp. > 
All were paid $1.50 an hour for their participation, 
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TABLE 2 


EXPERIMENT II: OVERALL MEAN REACTION TIME, STANDARD DEVIATION, 
AND NUMBER ОЕ ERRORS 


Interaction 
Side of stimulus 
Cond. Statistic Side of stimulus and responding hand 
RF LF RF-RH RF-LH LF-RH LF-LH 
i ee F Endo z 534.7 
C4: shape-consonant discrimination | X 508.5 533.6 503.4 513.6 532.6 У 
5 SD 195.0 | 150.6 | 1988 | 176.0 | 140.8 Ea 
Errors 25 65 27 28 35 М 
C5: name-vowel discrimination X 507.0 187.6 516.2 497.8 489.1 b. 
SD 127.4 98.7 132.3 118.4 99.0 99 
Errors 291 212 129 162 113 


а " T 5 d. 
Note.—Reaction times in milliseconds. RF, right visual hemifield ; LF, left visual hemifield; RH, right hand; LH. left han 


and none were informed of the purpose of the experi- 
ment. Each 5 was run individually for 4 consecutive 
days in sessions of 60 min. each. 

A pparatus—The apparatus described for Exp. I 
was also used in the present experiment. However, 
two differences must be noted: (a) six capital letters 
comprised the stimulus set for Exp. II; and (b) а 
200-msec. stimulus display time was used only during 
the first block of the first and third sessions. 

Design.—Two experimental conditions were used. 
In each condition, the probability of the two positive 
stimuli was .26; while the probability of the two 
negative stimuli was .24. In the shape-consonant 
discrimination (C4) condition, four letters appeared 
one at a time: D, С, T, and Z. The positive stimuli 
were D and С. In Cond. C5, name-vowel discrimi- 

nation, four letters appeared one at a time: D, G, 
O, and Q. The positive stimuli were again D and 
G. The same four Hand X Visual Hemifield com- 
binations were used: RF-RH, RF-LH, LF-RH, and 
LF-LH. 

Procedure.—Eight blocks of 50 trials were run 
per day, plus two practice blocks (whose data have 
not been used in the analysis) at the beginning of 
Days 1 and 3. Five Ss ran in Cond. C4 on Days 1 
and 2 and in Cond. C5 on Days 3 and 4. For the 
other five 55, the order was reversed. Within each 
condition, there were two blocks of trials for every 
Hand X Visual Hemifield combination, the order of 
which was varied randomly. In all other respects, 


the procedure for Exp. 1I replicated that of the first 
experiment. 


Results 


The RT data (see Table 2) were tested 
by an analysis of variance for mixed de- 
signs. The four within-S factors were: 
hand (H), either right or left; field (F), 
either right or left hemifield presentation ; 
Cond. (C), C4 or C5; and days (D), first 
or second, within each condition run. Fac- 


tor О (Order, i.e., whether C4 preceded ог 
followed C5) was a between-S variable. 
Owing to a technical fault the error data 
were lost for two Ss, and thus no forma 
error analysis was made. However, en 
remaining error data are also presented П 
ТаЫе 2. Te 

The F X C interaction proved to ^ 
significant, F (1, 8) = 9.653, р < 029. 
The right visual hemifield had a 25.1-mser 
advantage over the left in the C4 conditio" 
(8 of the 10 Ss demonstrated this advan 
tage); and the left visual hemifield was 
19.4 msec. faster than the right in the Я 
condition (7 of the 10 Ss were consiste? 
with this result). The error data show the 
same interaction: errors are fewer in the 
right hemifield for C4 and in the left hem! 
field for C5. Minor information is supplie 
by other significant sources of variance 
The factor D, F (1, 8) = 24.812, р < -00 
shows that RTs were 26 msec. faster on the 
second day—an obvious practice ене 
The D X O interaction, F (1, 8) = 9.51 i 
p < .025, indicates that the practice effec 
was larger for those Ss who ran in Cond. 
first (42 msec. vs. 10 msec.). On the other 
hand, it is hard to interpret significa? 
O X C, F (1, 8) = 7.890, p < .025, ап 
OXH, F (1 8) = 19.185, р < 00>: 
According to O X C, RTs аге faster for 
Cond. C4 than for C5 only when the former 
was run first. According to O X H, - 
left-hand responding was faster only when 
C4 was run first. No other source of var! 
ance was significant. 
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HEMISPHERIC SPECIALIZATION IN PROCESSING LETTERS 


DISCUSSION 


The results of the second experiment indi- 
cate that Crowder's (1971) hypothesis, that 
vowel and consonant discrimination are hemi- 
Spherically specialized tasks, is one source of 
the discrepancies found in interhemispheric 
Studies using single-letter stimuli and motor 
responding. When the task involves dis- 
Criminations between letters differing only in 
Stop consonant sounds, the RT is faster when 
Information is sent directly to the left hemi- 
Sphere; but when the task involves discrimina- 
ons between letters differing in vowel sounds, 
the RT data favor the right cerebral hemi- 
sphere. Nevertheless, it is quite likely that 
Other sources of discrepancies operate in other 
€xperimental conditions (e.g., physical vs. 
пате matches, according to Posner's (1969) 
terminology). White (1971), for example, 
Suggests that certain visual discriminations 
Verticals) are easier than others and hence 
make some letters (e.g., T) more amenable to 

"ight hemisphere processing. 
On the other hand, the right hemifield is 
Clearly superior when Ss are forced to read 
two or three letters in order to perform correct 
discriminations, suggesting a left hemisphere 
Specialization. This finding is also compatible 
With a theory of acquired reading habits which 
°Perate according to а postexposural trace- 
Scanning mechanism (Heron, 1957; White, 
1969), However, recent evidence, reported 
elsewhere (McKeever & Huling, 1970a ; 1970b) 
ends to discredit such a theory. Furthermore, 
ч right hemifield superiority for motor re- 
;DOnses to letters is also compatible with a 
Otor theory of recognition. Klapp (1971) 
as shown that in recognition tasks the 
Tesponse latency depends on number of sylla- 
bles which are needed to pronounce numerical 
Ог word stimuli; his finding holds for both 
motor and vocal responding. Thus, if recog- 
nition of verbal material needs some sort of 
implicit speech, a right hemifield superiority 
Might actually reflect the left hemisphere 
лш for speech production. At pres- 
oe are no decisive data to support the 
h ispheric specialization hypothesis against 
з= other two; but neither the reading habit 
тое nor the implicit speech hypothesis 
NS теа the results of Exp. П. Therefore, 
Hon Ивану prefer the hemispheric specializa- 
otion which is consistent with both Exp. 

апа Exp. II results. 

eae ee our results are due to hemi- 
Wee Sheda izations, it is still unclear 
advantages reflect interhemi- 
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spheric transmission time or differences in 
processing speed between specialized and non- 
specialized hemispheres. Because the control 
of finger movements is almost completely 
lateralized in the opposite hemisphere, the 
first hypothesis suggests one definite ordering 
of response speed among the four Hand 
X Visual Hemifield combinations. One com- 
bination (RF-RH or LF-LH, depending upon 
the side of the specialized hemisphere) implies 
no interhemispheric crossing in order to per- 
form the motor reaction to the stimulus. 
Another combination (again RF-RH or LF-LH, 
depending upon the side of the nonspecialized 
hemisphere) implies two interhemispheric cross- 
ings. The remaining two combinations, 
LF-RH and RF-LH, always imply one cross- 
ing. The Hand X Field combinations for all 
the data reported here, including those for Cl 
where no hemispheric preference is indicated, 
are consistent with the transmission hypothesis 
(see Tables 1 and 2). The fastest RTs have 
been found for that combination which implies 
no interhemispheric crossing ; while the slowest 
RTs have been found for that combination 
which implies two interhemispheric crossings. 
The RTs for those combinations implying one 
crossing are intermediate, but always faster 
when the interhemispheric crossing would 
initiate a motor response than when the cross- 
ing would occur prior to stimulus processing. 
These data, while not conclusive, do support а 
theory which states that increases in RT are 
due to interhemispheric transmission of visual 
information. 

Since no significant difference was found 
between RT advantage in two- and three- 
letter conditions, little can be concluded about 
the relationship between time and complexity 
of visual discriminations. The data do suggest, 
however, the possible existence of such a rela- 
tionship. The difference in RT between the 
two hemifield conditions tends to increase with 
the complexity of the required discrimination : 
9.8, 19.4, and 25.1 msec. for one-letter; 45.1 
msec. for two-; and 62.3 msec. for three-letter 
stimuli. 
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INTERPOLATED ACTIVITY 4 


D RESPONSE MECHANISMS 
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MOTOR SHORT-TERM MEMORY ! 
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Eighty Ss in four groups attempted to reproduce criterion movements in 
which trials varied in criterion movement length, number and length of inter- 
polated movements, and the hand used in executing the criterion movement. 
The groups differed in the combination of hands used in executing criterion, 


interpolated, and recall movements. 
bi 


ing effects of interpolated movement: 
ing that interference indicative of the 


Both positive and negative directional 


s were present for all groups, suggest- 
assimilation, or pooling, of criterion 


and interpolated memory traces was not specific to use of the same response 


mechanism for original and interpolated movements. 
that relevance for the pooling of original 
on the similarity of the responses require 


of response mechanisms, as sugges 


| jun a recent monograph, Pepper and 
l N rman (1970) have offered a dual proc- 
| S. theory of motor short-term memory 
г wl to account for their own and prior 
iur e findings. Basically, they argue 
ra both memory trace decay and inter- 
of à ce processes interact in the retention 
e motor act. The process of a memory 
E. ЈЕ а criterion motor act is seen to be 
ie decay over time in the represented 
ntensity or extent of the original response. 
cud рне, together with the evi- 
Ds or "response sets," or tendencies to 
A S low amplitude or low intensity 
isi , responses and to undershoot high 
the sity responses, is seen to account for 
| к ОЈ, evidence regarding recall 
у as a function of length of the retention 
Interva], 
En Some cases, an increase in absolute 
thea scores has accompanied an increase in 
& luration of a retention interval (Adams 
9 Dijkstra, 1966; Posner, 1967; Posner & 
Konick, 1966), while Pepper and Herman 
еш) found that error decreased with an 
easing retention interval. In the former 
| 
| 
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The results indicated 


and interpolated activity may depend 
d, rather than on similarity or identity 
ted in 1970 by Pepper and Herman. 


cases, as Pepper and Herman pointed out; 
a response set of undershooting is present, 
and hence, the error tends to be negative in 
sign. This combines with a decaying 
memory trace to produce an increasingly 
greater negative error and consequently a 
greater absolute error. However, in the 
cases where an overshoot response set 
results in a positive error, the decaying 
representation of the criterion actually 
yields more accurate recall responses, result- 
ing either in less positive error or a small 
negative error. This, in turn, means that 
the absolute error will decrease during à 
retention interval. 

'The memory trace for a motor act is also 
seen by Pepper and Herman (1970) to be 
subject to modification by activity inter- 
polated between criterion and recall re- 
sponses. Evidence that interpolated non- 
motor activities such as counting or digit 
classification tasks increase the amplitude 
(Posner, 1967) or intensity (Pepper & 
Herman, 1970) of the recall response sug- 
gests to them that such activities augment 
the memory trace, perhaps by increasing 
the general muscle tension, either directly 
or by distracting S from the primary task. 
When motor responses are interpolated and 
these involve essentially the same muscle 
groups as the criterion response, the mo- 
mentary representation of the original re- 
sponse is again seen to be modified by a 
process of assimilation (Helson, 1964) of 
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the traces of the original and interpolated 
responses. That is, the trace of the original 
response is augmented when the inter- 
polated specific motor acts are of greater 
intensity or amplitude than the original, 
but reduced when the interpolated acts are 
of lesser intensity or amplitude than the 
original. Since the recall response is as- 
sumed to be governed by the momentary 
representation of the original response, 
interpolated specific acts of greater magni- 
tude than the original act should result in 
greater positive (or smaller negative) error 
at recall, while those of lesser magnitude 
Should lead to smaller positive (or greater 
negative) errors, the sign of the error being 
dependent on the response set for the given 
criterion act. 

Thus, two processes are postulated to 
interfere with the normal decay of the 
motor memory trace. The first, involving 
nonmotor activities, is seen to augment the 
memorial representation of the original 
movement, possibly by increasing the gen- 
eral muscle tension; the second, involving 
Specific responses with the same muscle 
groups, either augments or weakens the 
representation through a process of assimi- 
lation, or pooling, of the original and inter- 
polated memory traces. It would appear, 
then, that nonmotor interpolated activity 
сап operate only to augment the representa- 
tion, since any such activity would increase 
muscle tension relative to the inactive con- 
trol condition, whereas responses which 
involve the same muscle groups as the cri- 
terion response can either augment or 
weaken the representation, depending on 
their intensity relative to the criterion 
response. 


Although Pepper and Herman (1970) 


developed their theory from observations 
of the recall of pressure responses, 
reanalysis of studies involving m 
responses suggests that the 
extended to motor STM in general and 
merits further investigation. However, 
evidence relevant to the theory from studies 
of motor behavior other than pressure re- 
sponse is scant. Stelmach (19693, 1969b, 
1970) and Stelmach and Wilson (1970) have 
investigated the effects of both prior and 


their 
ovement 
theory may be 
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interpolated positioning responses on the 
recall of a criterion position. While they 
found some evidence of both PI and RI 
effects, they report only scant evidence for 
the directional biasing predicted by the 
Pepper and Herman theory. They con- 
cluded that interpolated activity increases 
the variability of recall responses, rather 
than producing shifts in the mean. Even 
though Stelmach's studies are relevant to 
the question of the generality of the Pepper 
and Herman theory, they required dis. 
tinctly different responses of the Ss than 
the present study. Whereas Stelmach's 25 
are instructed to reproduce the Weeds. 
position of a movement response and mov 
ment length is made irrelevant by varying 
the starting point, the task in the 
study is to reproduce the length of the с И 
terion movement with terminal position = 
irrelevant cue. It is quite conceivable thay 
the effects of interpolated activity are е 
ferent for such different task requiremen? 
The purpose of the present study Fo 
both to examine some hypotheses from | 
Pepper and Herman theory (1970) an 22 
test an extension of them. It seems T€ 
sonable to believe that interpolated mates 
responses which involve muscle eran 
other than those of the original respon": 
should have some effect. At the M. 
least, they should produce an increase ће 
general muscle tension which augments : н 
trace of the original response, as appear. 
be the case with interpolated nonme 
responses. On the other hand, it is Wr. 
ceivable that information processing P 
ceeds in a manner such that an interpola па 
response of the same class as the e 
response will have a similar effect wher 
or not the same muscle groups are employ о 
in its execution. According to this e 
reasoning, if, for example, both the о А. 
and the interpolated responses involve £ i 
extents of movement of a hand and ar, 
should not greatly matter whether 
responses are executed with the same 97, agi 
other hand. Assimilation, or poe B 
resulting in either an augmented or S cd 
ened memory trace would thus be рге т. 
Оп the basis of response similarity ја ed 
than the specific muscle groups €MP ur 


MOTOR STM WITH INTERPOLATED ACTIVITY 


| To this end, the present study investi- 
gated combinations of response mechanisms 
used in executing original, interpolated, and 
recall responses. In addition, the ampli- 
tude of original and interpolated responses, 
the number of interpolated responses, and 


the hand used for the original response were 
also studied. 


METHOD 


Subjects.—The Ss were 48 male and 32 female 
undergraduates who received research participation 
credit in the introductory psychology course for 
their services. All Ss were right-handed. 


Abparatus.—The apparatus was similar to that 


E by Adams and Dijkstra (1966). 
ol 


It consisted 
à 12-mm.-diameter metal rod, approximately 
її. in length, mounted between two vertical 
Supports fastened to a wooden base. А freely 
Moving slide was equipped with a finger grip handle 
and а pointer which moved along a meter stick 
fixed above and parallel to the rod. Thus, move- 
Tent of the slide could be measured by referring to 
the meter stick. Also attached to the rod were two 
Movable stops which could be fixed to determine the 
€ngth of any controlled movement of the slide. 

Experimental design.—Four independent groups 
of Ss were used in a 4 X 4 X 2 X 2 X 2 design. 
The four groups, with 12 males and 8 females each, 
received different combinations of the same (5) and 
Оррозне (О) hands m respect ta k^ criterion, 
Interpola and recall movements. hese com- 
om enden OS, OSS, and 550, in which, 
Or example, SOS indicates that all criterion and 
Tecall movements were made with the same hand, 
While the interpolated movement(s) were made with 
he ire hands 

вране bent variables were (a) length of the 
Criterion movement (Cl = 5, 10, 20, or 30 cm.) ; (b) 
Mand with which the criterion movement was made 


(Ch = left or rig 


(Почетен: relative to 
ЭГ the interpolated mo 
Mterpolated movemen 
Ст. and 15 cm., 10 cm. 
and 40 cm., for the 5-, 10-, 


[n 4 ively- Бо ae 
vements, respectivi ‘eal on each combination of 


= x 2 experimental trials, 
© within-S variables, OF P Ё 4 
Dlus 


SRS r each of the combinations 

а trials one CN of а ји 
Without interpolated activity. ds pd d 
tials were randomized, first by e ay criterion 
atin DEC wherein each 0 e in each ме 
Movement lengths appeared ies e By each othe 

row, followed once and only d iod e eigl р 

і alue, This square Was Sar x Е ue Сш 
i Ж | з б дү with values PS e r e 
Sms) Daciables alternated within each block 

Such that four 58 VÍ 


ht); (0) length of the interpolated 
the criterion movement 

‚ (d) number of repetitions 
7 longer or shorter); (D) | (In = 1 or 5). The 
ts were 3 ст, and 7 сп, 
m. and 30 ст., and 20 cm. 
20-, and 30-cm. criterion 


| t ach S received one t 


1 


thin each independent group 
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always received a control trial at the first position 
within each block, a second set of four Ss always 
received a control trial at the second position in 
each block, and so forth. Finally, each S within 
these sets of four began the trials at a different 
block (i.e., row of the Latin square). The Ss were 
randomly assigned both to groups and to trial 
orders within groups. 

rocedures.—After a general description of the 
experiment and an opportunity to manipulate the 
apparatus, S was blindfolded and instructed to place 
his hands on the table. Before each movement, E 
placed S’s hand on the slide. At the command 
"move," S moved the slide from right to left to the 
stop which was set to determine the appropriate 
length of movement. At the command "return," 
5 returned the slide to the original position against 
the right-hand stop. The .S returned his hand to 
the table after each movement, except when five 
interpolated movements were required; all of these 
were made without releasing the slide. At the 
command "recall," 5 attempted to reproduce the 
criterion movement with the slide set at a new ran- 
domly determined starting position. 


On all trials, the retention interval was 20 sec. and 
the intertrial interval, 30 зес. All recall movements 
were recorded to the nearest centimeter, The S was 
given 2 practice trials initially and a 2-min. rest 
midway through the 40 trials. 


RESULTS 


The data were analyzed in terms of both 
absolute and algebraic error in reproducing 
the criterion distances at recall, However, 
the results are to be understood not only in 
terms of deviations from the criterion dis- 
tances, but also relative to the response sets 
of the Ss, i.e., tendencies to overshoot 
shorter criterion distances and to under- 
shoot longer distances. For the present 
study, the magnitudes of these response 
sets are estimated by the data for the con- 
trol trials wherein no interpolated move- 
ments were made. Mean absolute and 
algebraic errors for these trials are shown 
at the top of Table 1. The algebraic error 
data clearly indicate the magnitudes of 
these constant errors: the 5-cm. movement 
was overshot by about 1 cm., the 10-cm. 
movement showed essentially zero con- 
stant error, and the 20-cm. and 30-cm. 
movements were undershot by about 2.5 
cm. and 4.0 cm., respectively. 

Given these response set data as а base 
line, it was predicted that relatively long 
interpolated movements would increase 
error at 5 cm. and 10 cm., but decrease 
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TABLE 1 


MEAN ABSOLUTE AND ALGEBRAIC ERRORS AT RECALL FOR 
ALL LEVELS OF ALL VARIABLES AS A FUNCTION ОЕ CRITERION DISTANCE 
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Length of the criterion movement (in cm.) 
Variable 
5 10 20 30 x 
Control (response set) 1.48(1.02) | 1.64(—.04) | 3.81(—2.48) | 5.44(—4.30) | 3.09 (1-45) 
Hand combination 28) 
SSS 1550.15) | 1.92( 43) | 3.92(— .68) | 5.03(—2.01) |310(—,25) 
SOS 1.29( .66) | 1.71(—.39) | 4.09(—140) | 5.48(—3.72) | 3.141120) 
OSS 1.51( .90) | 1.91( .19) | 4.05(—1.78) | 5.89(—3.57) | 3.34(— 105) 
550 1,63(1.17) | 1.94( .12) | 4.03(—1.83) | 5.61(—3.26) | 3.30(— - 
Criterion movement (hand) 1.01) 
Right 1.38( .83) | 1.870 .09) | 4.16(—1.59) | 5.76(—3.38) | 3.29(— 10) 
Left 1.61(1.11) | 1.88( .09) | 3.88(—1:25) | 5.24(—2.90) |3.15(— * 
Interpolated movement (relative 
length) 15) 
Longer 1.84(1.58) | 1.87( .78) | 3.630 .05) | 4.86(— 1.81) 3.04( оу 
Shorter 1.15( .37) | 1.88(—.60) | 4:42(—2:90) | 6.14(—4.47) | 3.39(—1- 
Interpolated movements (number) 87) 
Опе 1.48( .95) | 1.810 .03) | 3.72(—1.77) | 5.53(—2.68) um '88) 
Five 1.51( .99) | 1.93( .15) | 4.33(— 1.07) | 5.48(— 3.59) 3.31 i 
X (criterion movement, length) 1.50(.97) | 1.85( .08) | 4.00(—1.50) | 5.49(—3.24) | 3.21(— 99 
| ie 
,, Note.—S refers to "same" hand and О to "other" hand. Thus, for example, SOS means that the same hand was used for t in 
GEILE recall responses, while the other hand was used for interpolated movements. Algebraic errors are B 
|- Г, . . H Є 1 L пе 
error at 20 cm. and 30 cm., while relatively dent in a number of interactions in T 
short interpolated movements would de- analyses. These are presented graphic 
crease error at 5 cm., but increase error for in Fig. 1 which shows absolute (A) ‘the 
10-, 20-, and 30-cm. movements. These : 


same effects should be amplified for five 
interpolated movements relative to that 
for only one,4 
Table 1 also includes absolute and al- 
gebraic еггог means for all levels of each 
experimental variable as a function of the 
length of the criterion movement. The 
overall analyses of variance confirmed what 
these data Suggest, namely, that only length 
of criterion movement and relative length 
of the interpolated movement(s) were 
significant main effects. The values for 
criterion length were F (3, 228) = 219.4 
and 197.4, both ps < .001 for absolute and 
algebraic error, respectively; while for 
interpolated length, the corresponding val- 
ues were F (1, 76) = 6:92 Ф <05. amd 
178.2, р < .001. | 


Тће directional biasing effects are evi- 


*[t is conceivable, though unlikely, that where 
decreases in error are predicted, the directional 
biasing effects would be of such Magnitude as to 
produce errors opposite in sign and larger than those 
for the control condition. 


algebraic (B) error as a function O à 
number and relative length of interpolate 
movements. The significant Criteri 
Length X Interpolated Length interact 
for absolute error, F (3, 228) = wo 
b < .001, supports the prediction E. 
shorter interpolated movements yr 
accuracy at shorter criterion distances: 21. 
vice versa. In addition, a significant x 
terion Length X Interpolated Lengt 
Interpolated Number interaction, FG. E 
= 448, p < .01, indicated that this d 
tional biasing was enhanced for five 28 
pared with one interpolated movement. ) 

The algebraic error data (see Fig t$. 
also indicate the directional biasing ed 
In addition to the main effect of [еп e 
interpolated movements, the Interpola 
Length X Interpolated Number and ie s 
polated Length X Criterion Length ! 
actions were significant, with У К 
= 22.39, р < .001, and F (3, 228) gön of 
b < .001, respectively. The intera® mov 
length and number of interpolate 
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Fic. 1. Mean absolute (A) and 


algebraic (B) error in centimeters at 


each criterion distance for all combinations of length and number of inter- 


polated movements. 


em indicates that the effect of number 
Es еа was greater for the rela- 
iM ong than for the shorter interpolated 
the ments, This appears to ђе a result of 
ја Ба ticularly large difference in error 
the e one and five long movements at 
cia distance. The C riterion Length 
Sins ранни Length interaction con- 
asinc пе evidence of greater directional 
incer at the : longer criterion dis- 
ie Finally, significant interactions for 
„ terion Length X Interpolated Number, 
eit 228) = 10.60, p < 001, and Cri- 
nterpol епш x Interpolated Length X 
be а ated Number, | F (3, 228) = 4.82, 
tional à were indicative that the direc- 
Does lasing effects were generally en- 
MCN ith five interpolated movements, 
Pecially at the longer criterion distances. 
ra effects of the response sets were 
Mei Ls Fig. 1B in the deviations of the 
Bona] | lata from zero error, and the direc- 
Dove pissing effects of the interpolated 
m TAa. ока evident in the deviations of 
D с» of the experimental conditions 
ен ug control data. However, the 
Byte nv biasing effects are more clearly 
ener m n ig. 2, in which the data for the 
ey | ме исте ја 
With the control uec paie 
a ata set equal to 


zero. The effects of number of interpolated 
movements are less clear, indicating that, 
in general, five movements have a greater 
biasing effect than one movement, but only 


Interpolated Rs 


1 5 
Overs short 
O—— long 


Error Difference (cm) 


ПА 
СИДА p Preiss 
ad 2222222227 У 


5 20 30 


10 
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Fic. 2. Mean deviations (algebraic error) from 
the response set (control trials) data for all combina- 
tions of length and number of interpolated move- 
ments. 
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for the two longest criterion distances. 
These data depart from expectations at two 
further points: five long interpolated move- 
ments had no more effect than one move- 
ment at 30 cm. and one short interpolated 
movement was not associated with nega- 
tive biasing at 20 or 30 cm. 

'Three additional interactions, Criterion 
Length X Criterion Hand and Criterion 
Length X Criterion Hand X Hand Com- 
bination for the absolute error and Cri- 
terion Hand X Hand Combination X In- 
terpolated Length for the algebraic error 
were significant (p < .05), indicating that 
the between-Ss variable of the hand com- 
bination used in executing the three classes 
of movements interacted with both the 
length and the hand used in executing the 
criterion movement. These results may 
reflect, in part, the fact that all movements 
were made from right to left and return, 
regardless of the hand used. 

Of somewhat greater interest is the null 
finding with respect to the main effect of 
hand combination, indicating that the 
observed directional biasing effects were 
independent of the combination of response 
members used in executing criterion, inter- 
polated, and recall movements. The in- 
teraction between hand combination and 

PR M of interpolated movement (5) 
Paling inns terum d of .28, pro- 
eae 5 evi ence that the effects of 
of da сеа were independent 

nation of response members 
employed. 
swine = of r hypothesis that the 
response are E a SUCUS ШОН 
movements i UN ee 40 
grenpa is она d E пе same muscle 
tween Cond. 555 апа SO араг be 
terion and recall йо E шы: 
with the same hand ен ез еге made 
condition interpolated ee 

e SM a movements were 
made with the opposite hand, The data for 
these two groups for each condition of inter- 
polated movements at each criterion dis- 
tance were highly similar, with each group 
showing both positive and negative biasing 
for long and short interpolated movements, 
respectively. 
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Comparison of the two remaining groups; 
SSO and OSS, in which criterion and recall 
movements were always made with opp 
site hands also failed to indicate any con- 
sistent differences. 

A reanalysis of the data included the sex 
of Ss as a sixth variable. Sex was foun 
to be a reliable source of variance for the 
algebraic, F (1, 72) = 5.34, p < .05, but 
not for the absolute error scores. However: 
separate analyses of variance showed that 
all the main effects and the interactions 
necessary to demonstrate the direction 
biasing effects were significant (р < 09 
for both males and females. The К. 
difference was largely a difference in lev 
with females averaging — 1.45 cm. error 
and males —.49 cm. error. The only other 
differences of interest were a significan 
"hand" effect, F (1, 44) = 5.98, p < 09, 
and a significant Criterion Hand 
terpolated Number interaction, F (1, 
= 7.29, р < .01, for males, indicating t 
males were more accurate with the left tha? 
with the right hand and that for them p 
effects of number of interpolated тоў 
ments was related to the hand used " 
executing the criterion movement. 


hat 


Discussion 


The response set, or range effect, data agre? 
rather well with prior results (Adams 38 
Dijkstra, 1966; Brown, Knauft, & 80827 
baum, 1948; Posner, 1967; Posner & Kons 
1966; Stelmach & Wilson, 1970), indicati"? 
that short movements are overshot and longe 
movements are undershot at recall. 

The present data also provide confirm 
of directional biasing effects, both po Jat- 
and negative. The general effect of interpo rhe 
ing movements which were shorter than zh 
criterion movement was to decrease the les 
of movements produced at recall, while ifs 
polating relatively longer movements incre? 


1 
the length of recall movements. In арво еп 


ation 
itive 


However, the relative а 
error attributable to biasing was roug" ni 
stant for longer interpolated movemen ho 
decreased with criterion distance for $ nun 
interpolated movements. Increasing e ' 
ber of interpolated movements had, in 8 


rte" 


MOTOR STM WITH INTERPOLATED ACTIVITY 


| the expected effect of increasing the directional 


biasing, but this was not evident at the two 
shorter criterion distances nor for positive 
lasing at the longest criterion distance. 
EB Pepper and Herman (1970) do not 
ше id be correct in their hypothesis that 
as irectional assimilation effects are 
M oni nt upon use of essentially the same 
OPEM mechanism for both interpolated and 
qM | гш since the present results 
E. oni positive and negative directional 
P TE ects regardless of which hand and 
e employed in original and interpolated 
ls Mor tma Positive directional biasing for 
RN ie ana-a ini might be a 
Specific em der assimilation effects or of non- 
E. ded by increasing muscle tension, 
Renae of these should operate to augment 
an al representation and result in positive 
E recall. Evidence of negative direc- 
a i i for all hand combinations, how- 
X ae icates rather clearly that assimilation 
muscle аре not dependent on use of the same 
суеш System in criterion and interpolated 
Wh ents, In this case, only specific activity 
с 3 inv olving the same muscle group) would 
Moped to result in increased negative 
ine RS nonspecific activity should increase 
End > tension relative to the control (rest) 
a itlons and result in augmented memory 
bi es. T he absence of a significant hand com- 
"ation main effect or a Hand Combination 
es nterpolated Length. effect, together with 
E evidence for directional biasing, thus 
cups Strongly that assimilation-like effects 
ша regardless of the combination of 
nse mechanisms used. 
x даа been suggested that the data indica- 
Yom response biasing could have resulted 
E response competition, or confusion errors, 
NUS ш some instances Ss reproduced the 
ento ated rather than the criterion move- 
һе - This would have the effect of pulling 
ева toward the length of the interpolated 
vane yielding data consistent with that 
ae uted to response biasing. If such errors 
ren on the experimental trials, they should 
a Bare the intra-S variance for experimental 
ee with control trials, since the latter 
d be free of confusion errors. 
E Unfortunately, the design, with a single 
Miis S HOD per S per cell, precluded a test of 
aa |: nave explanation with the present 
SON ; owever, the possibility that Ss were 
ee as to which response to reproduce 
= ned worthy of further testing. Conse- 
luently, in a follow-up experiment, six Ss were 
tested under conditions similar to those in the 
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original study, except that they received only 
four types of trials: control trials with either 
20- or 30-cm. criterion distances and experi- 
mental trials with either 20- or 30-cm. dis- 
tances, and 30- and 20-cm. interpolated move- 
ments, respectively. Each trial type was pre- 
sented 10 times so that intra-S variances could 
be assessed. The 40 trials were presented in 
10 random orders of four events, and all recall 
responses were called for after a 20-sec. reten- 
tion interval. 

Of primary interest were the comparisons of 
intra-S variances on control and experimental 
trials for the same criterion distance and the 
extent of overlap between distributions of re- 
sponses for the two different criterion distances. 

The results provided no support for the 
notion of response competition or confusion 
errors: of the 12 comparisons between response 
distributions, intra-S variability was greater 
in six instances for control trials and in six 
instances for experimental trials. Further- 
more, in only 3 of the 12 comparisons was a 
response to one criterion distance found to 
overlap the distribution of responses to the 
other criterion distance. In each of these 
cases, only a single observation overlapped 
and one of these occurred in the control data, 
effectively canceling one instance in the ex- 
perimental data. The single remaining in- 
stance was 1.45 standard deviations from the 
mean of the overlapped distribution, i.e. in 
the extreme 7% of the distribution. 

While these data do not demonstrate con- 
clusively that response competition or con- 
fusion errors did not occur in the original 
study, they provide no support for such an 
interpretation. Furthermore, while neither 
the original nor the follow-up results provide 
conclusive evidence that directional biasing 
effects result from the pooling of criterion and 
interpolated memory traces, they are quite 
consistent with such an interpretation, pro- 
viding one does not interpret “pooling” to 
mean a simple arithmetic averaging of the 
two memorial events. Relatively long inter- 
polated movements appear to result in an 
augmented memorial representation of the 
criterion movement at recall, while relatively 
short interpolated movements result in a 
reduced representation at recall. However, 
present findings show no indication that orig- 
inal and interpolated responses are weighted 
equally in the memory trace governing the 
recall response. A recent study by Patrick 
(1971) indicates that the recency of the inter- 
polated response may determine in part the 
extent to which it biases the recall response: 
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he found that a single interpolated response 
executed late in the retention interval had as 
much effect as five interpolated responses 
executed throughout the interval. In addition 
to indicating one parameter of directional 
biasing and possibly of the mechanism under- 
lying this phenomenon, Patrick's results may 
also account for the limited effects of number 
of interpolated responses in the present results. 
For the present, the term “pooling” must be 
taken as descriptive of the directional biasing 
effects of interpolated activity. Its value as 
an explanatory concept must be determined 
by further research. 

In contrast with the position of Pepper and 
Herman (1970), the present data suggest that 
responses which are similar in class will be 
encoded and stored in the same way, regardless 
of the specific muscle groups employed in 
responding, and that under these conditions 
bidirectional assimilation-like effects will occur. 
Response similarity in this sense appears to be 
more closely related than identity of peripheral 
response mechanisms to the concept of rele- 
vance in adaptation level theory (Helson, 1964) 


as well as to the concept of similarity in the 
literature on memory. 
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VERIDICAL ROTATION IN DEPTH IN UNIDIMENSIONAL POLAR 


PROJECTIONS DEVOID OF THREE MOTION-PARALLAX CUES! 


WAYNE HERSHBERGER ? Axp DAVID L. CARPENTER 


Northern Illinois University 


Observers, viewing a horizontal row of dots upon a frontal screen converging 
to and diverging from an end dot in a manner faithfully simulating rotation 


in depth, judged the direction of that simulated rotation. 


Although they saw 


only a pie-shaped sector of the circuit of rotation devoid of previously identified 
perceptual cues to rotation direction, Os identified rotation direction at a level 


It is suggested that the acceleration/displacement 


disproportionalities of the various dots, or rather the stimulus gradient of 
these disproportionalities, mediates these veridical judgments. 


significantly beyond chance. 


Observers viewing, upon a frontal screen, 

& row of moving dots converging to and 

| diverging from the center dot in a manner 

faithfully simulating rotation in depth (see 

Fig. 1) are able to identify the direction of 

that rotation by using each of three motion 

Parallax cues (Hershberger & Urban, 1970): 

@) the retinal direction (Direction) in 

Which the motion of the projected dots on 

Opposite ends of the line are periodically 

Congruent (when the dotted line is near 

the frontal plane, all dots move in the same 

direction across the visual field: to the 

tight during clockwise and to the left dur- 

ing counterclockwise rotation), (b) the 

Order (Order) in which the dots reach their 

.  fespective limits of angular displacement 

11 the visual field (to the right of the axis, 

the outermost dot reaches its limit first 

“uring counterclockwise rotation and last 

during clockwise rotation ; to the left of the 

axis the opposite is true), and (c) the differ- 

ential retinal velocity (Velocity) of dots on 

the near versus far side of the axis of rota- 

tion (traditional “motion parallax"). The 

Purpose of the present study was to deter- 

mine whether these three cues may be the 

| Necessary as well as sufficient mediators of 
| 
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veridical perception of direction of rotation 
in depth in such a display. 

It is possible to divide the rotary motion 
depicted in Fig. 1 into several parts, none 
of which incorporates any of the above 
cues. А partial motion projection simulat- 
ing the moving dots only when they are 
momentarily beyond the axis of rotation 
(i.e., falling within Arc F R’ L’ F’) incor- 
porates none of the above cues, nor does a 
partial projection simulating the moving 
dots only when they fall within the Sector 


LAR. The ability of Os viewing these 
partial projections to correctly identify 
direction of rotation would reveal the 


efficacy of yet another cue. On the other 
hand, the inability to do so would suggest 


sR 


Fic. 1. 
rotating in depth, where А is the axis of rotation and 


An overhead view depicting a row of dots 


О is the position of O. (Lines LL’ and RR’, respec- 
tively, represent the oblique orientations of the 
dotted line for which the visually leftmost and 
visually rightmost dots are maximally displaced in 
O's field of view. Lines II’ and rr’ show the corre- 
sponding orientations of the dotted line for dots 
nearer the axis of rotation.) 
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that the three cues described above are the 
necessary as well as sufficient mediators of 
veridical perception of direction of rotation 
in such displays. 


METHOD 


Observers.— T wenty-four college students enrolled 
in several psychology courses earned bonus course 
credit for participating as Os. 

Apparatus.—The Os viewed through а narrow 
horizontal slot a vertically moving belt upon which 
were drawn sets of long curves lines. As the belt 
passed by the aperture, the visible dot-like segments 
of these lines moved along the horizontal slot 
simulating a dotted line rotating in depth about a 
vertical axis. The curved lines were drawn in black 
ink with a 1-mm. (diameter) pen point on a belt 
of translucent vellum paper 30.5 cm. wide and 
approximately 15 m. long. The drawing was done 
by an automated XY plotter from data points 
generated by а computer program. In generating 
the data points, the projection plane (FF' in Fig. 1) 
was taken as coincident with the axis of rotation and 
normal to a line joining the axis (A in Fig. 1) and 
the projection point (O in Fig. 1). Six different 
projections were generated, four polar projections 
using a projection distance of 30.5 cm. and two 
parallel projections using an infinite projection dis- 
tance. The parallel projections incorporate no 
stimulus information as to rotation direction and 
served as control projections for ssing response 
bias. Each of the projections was a partial projec- 

tion in the sense that it represented only those parts 
of à rotating, dotted-line figure momentarily falling 
within a particular Sector of the circuit of rotation. 
The two parallel projections, Parallel left and 
Parallel right, are represented in terms of Fig. 1 as 
only those parts of a rotating line figure momentarily 
falling within Sectors FAD and F'AD, respectively. 
he figure being represented was a cross comprised 
of two 22.9-cm. lines of 13 evenly spaced dots 
MD orthogonally to each other and to the axis 
otation, which served as their common center. 
Both of these Projections simulated two full revolu- 
coincident with Us АИЙ with the cross arms 
in Fig. 1). One а qagittal-frontal axes (FF' by OD 
БЕБИР and БЕН polar Projections (Polar Far 
` o gat) Was simply the polar analogue 

of the corresponding control projections. TI 
her pair (Polar Near S s: 3 ца; ^ 
ot || ectors: left and right) repre- 
sented only those parts of a rotating figure momen- 
tarily falling within 459 Sectors extending respec- 

5 : spec: 

tively clockwise and counterclockwise from Line PA 
in Fig. 1. The figure being represented wasa radially 
symmetrical arrangement of four 22,9-cm lines of 
13 evenly spaced dots crossing at their center so as 
to resemble an eight-armed pinwheel. Each of 
these two projections simulated one full revolution 
of this pinwheel beginning with one of its four lines 
coincident with O's frontal plane (ЕЕ? in Fig, 1). 
By using the four- and eight-armed figures for the 
90? and 45? sector projections, respectively, one 
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and only one of the arms fell at any given time о 
the sector being projected. In turn, О, in viewing 
any one of the six partial projections, viewer 3 
sequence of eight, successive, single straight line 
of seven dots each rotating in depth about опе ene 
dot situated in the middle of the viewing slot. Ап 
for the first and second members of cach pair of re 
jections, the dots appeared respectively to O's it 
and to O's right of the axis of rotation, Since a 
was not possible to match the three types of рг 
tions (Parallel, Polar Far Sector, and Polar е 
Sector) with respect both to retinal and rotating 
velocity, it was decided to match them on тен 
velocity. This was done by adjusting the length a 
the projections as they were drawn upon the рар 

belt. Since the displacement of the projected p 
for a 45? rotation in the Polar-Near-Sector pro) in 
tions was comparable to that for a 90° гогайо а 
the Polar-Far-Sector and Parallel projections, ta- 
retinal velocity was equated by halving the ы 
tional speed of the Polar-Near-Sector projection” 
This was done simply by drawing one revolution Бр 
these near-sector projections as long as two eb. 
tions of the other two types of partial projection 

203.2 cm. ег 

Once the projections had been recorded, the pap’ 
belt was mounted as a scroll onto two horizon ge 
spools, one mounted above the other, inside & e 
black metal box. The belt, which could be ree A 
from one spool to the other cither up or down is 
à constant speed of 304.8 cm/min passed M. 
ately behind one side of the enclosure in which wn 
cut a horizontal slot .4 mm. high X 29.2 em. slot: 
The О viewed the stimulus displays this 5 
A 30.5-cm. long, 14-w. fluorescent tube, Mr. 
parallel to and 1.27 cm. behind the slot, illumina 
the paper belt from the rear. 

Procedure.—Each O, tested individually, obse 
all six projections monocularly from a distanc was 
61 cm. Each of the three types of projections E 
presented to О eight consecutive times, four a t 
the right-sector projection and four using the sale 
sector projection, with two of each of these pe 
simulating clockwise and the other two count in 
clockwise rotation. Half of the Os viewed them ] 
the counterbalanced order Lc, Lec, Ree, Re, Ree $ 
Le, Lec and half in the order Rec, Re, Le, Leer ^i 
Lee, Ree,Re. The three blocks of trials, one 
for each of the three pairs of projections, were. 
sented in all possible orders (six) with four 05 
signed randomly to each. 

During each trial, O used a rotary swtich 10 tion 


tinuously indicate the direction of apparent кок 


rved 
e of 


He released the switch only when he was uneei was 
Each trial lasted 40 sec. The intertrial Aem 
т 


Оп the order of 5 sec. and the interblock ! 


about 90 sec, 


RrstLTS AND DiscussiON 


s о 
еч i ns 
The means and standard ee = an 

€ а W 
the durations (in seconds) of gode gar 


Counterclockwise judgments for ! 


| 


5 always right to left motion across the 


PARALLAX CUES IN DISPLAYS OF ROTATION IN DEPTH 


and rightward retinal motions are shown in 
Table 1 for each of the three partial pro- 
Jections: Parallel, Polar Far Sector, and 
Polar Near Sector. The table includes 
means both for the raw data and the raw 
data corrected for response bias. 

[ In the partial polar projections used here, 
direction of simulated rotation is correlated 
With direction of retinal motion: for the 
far-sector projections, clockwise rotation 


Stationary retina (left to right across the 
Visual field) ; and counterclockwise rotation 
's left to right retinal motion. For the 
Near-sector projections the reverse is true. 

onsequently, any response bias or tend- 
псу on the part of О to interpret a particu- 
аг retinal direction as signifying a par- 
ticular rotational direction would artificially 
inflate the veridicality of O's judgments of 
either the near-sector or far-sector polar 
Projections, while deflating the veridicality 
of his judgment of the other. Further, 
Since these effects though opposite are not 
Necessarily equal they cannot be expected 
to cancel one another in any combination 
of the near-sector and far-sector judgments. 
ДЕ is necessary to actually measure response 
Dias and subtract it from the data. The 
Parallel projections were used for this 
Purpose. Although they incorporated no 
Information as to direction of rotation, they 
did yield an impression of rotation in depth 
(е, Braunstein, 1966) such that Os found 
tle difficulty in making judgments of 
Apparent rotation. For a trial of 40-sec. 
duration, the mean judged durations of 
Apparent clockwise and counterclockwise 
Totation yielded by the parallel projections 
Were, respectively, 8.1 and 25.0 sec. for 
eftward retinal motion (rightward in the 
Visual field) and 22.2 and 11.9 sec. for right- 
Ward retinal motion. It is as if O is pre- 
disposed to see the axis of rotation as being 
Situated on the far end of the rotating line. 
This response bias artifically inflates and 
deflates, respectively, the veridicality of 
the near-sector and far-sector judgments. 
То control for this response bias, four means 
of the type just described were computed 
for each О and in turn subtracted from his 
Corresponding means for the two types of 


p — ч 


t2 
— 
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TABLE 1 


MEANS AND STANDARD DEVIATIONS OF THE DURA- 
TION (IN SECONDS) OF CLOCKWISE AND Cou 
CLOCKWISE JUDGMENTS FOR LEFTWARD AND 
RIGHTWARD RETINAL MOTIONS FOR 
Елсн ОЕ THREE PROJECTIONS: 
PaRALLEL, PoLAR FAR SECTOR, 
AND PoLAR NEAR SECTOR 


Judged direction of motion 


Direction of retinal (and 


rotational) motion [CAS 
Clockwise clockwise 
Parallel projection 
Right to left 8.1 25.0 
(8.7) (11.4) 
Left to right 22.2 11.9 
(9.9) (9.1) 
Polar-Far-Sector projection 
Right to left (clockwise) 13.5 5.4 207 —43 
(8.4) 8.4) (11.9) (11.9) 
Left to right (counter- | 162 —6.0 16.9 5.0 
clockwise) (9.9) (9.9) (10.1) (10.1) 


Polar-Near-Sector projection 


Left to right (clockwise) 79 —3.0 
(8.0) (8.0) 

Right to left (counter- –3. 28.5 3.5 
clockwise) (6.4) (81) (8.1) 


m { the corrected means 


polar projections yi 
printed in ital All the resultin; viate from re- 
spo! bias in a veridical direction ; i.e., an illusory residual of 
negative duration represents the duration by which illusory 
response bia reduced or offset by a tendency for veridical 
perception of rotation direction. 


polar projections. Using this corrected 
data, the difference between mean duration 
of veridical and illusory judgments was 
computed for each O for both the near- 
sector and far-sector polar projections. 

Os were guessing, these difference scores for 
both types of projection should equal zero 
on the average. They do not. For the far- 
sector and near-sector projections, the mean 
differences were 10.4 sec. (SD = 11.9) and 
7.2 sec. (SD = 12.1), respectively. Both 
are significantly greater than zero, 4 (23) 
= 4.28, p < .001, and / (23) = 2.90, p 
< .01, respectively. The two means are 
not significantly different from one another, 
1 (46) = .92, р > .05. 

What is the nature of the stimulus 
mediating this veridicality? What asym- 
metry of stimulation does à polar projection 
of these near and far sectors of the circuit 
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of rotation provide which a parallel projec- 
tion does not? In a parallel projection of 
a dotted line rotating in depth, the pro- 
jected displacement of a dot unit distance 
from the axis of rotation equals Sin 6, where 
0 is the angle of rotation of the dotted line 
about a line normal to the projection plane 
at the axis of rotation. Further, the 
acceleration of that projected dot, d? (Sin 6)/ 
dé, is —Sin 0. Hence, for any dot on the 
rotating line the acceleration (absolute 
magnitude) of that projected dot is directly 
proportional to its displacement (absolute 
magnitude), with that proportion being 
unity: 1/1 = 1. This is not true of a polar 
projection. In a polar projection, the 
acceleration of a dot, relative to its displace- 
ment, is disproportionately great and small, 
respectively, in near and far sectors of the 
circuit of rotation. Further, this asym- 
metry increases as the radius of the circuit 
increases; i.e., for dots farther from the 
axis of rotation the asymmetry is greater. 
Hence, for a dotted line momentarily falling 
in а near sector (e.g., Arc LPR of Fig. 1) 
the acceleration/displacement (A/D) dis- 
proportionalities of the respective projected 
dots increase in magnitude in order of the 
Increasing displacement of the projected 
dots from the common axis of rotation. 
In the far Sector, the relationship between 
these two orders is reversed ; i.e., as dis- 
Rarement increases the A/D dispropor- 

ecrease in magnitude. In other 
words, considering both ends of the dotted 
line at the Same time, the projected dots 
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are monotonically ordered in terms of their 
respective A/D disproportionalities such 
that the largest and smallest disproportion- 
alities are those associated with the two 
end dots which are respectively nearest to 
and farthest from the projection point, i.e 
the simulated position of the viewer. This 
asymmetry, absent from parallel projections: 
is a veridical cue to relative depth, which 
when coupled with the retinal direction 0f 
the respective dots, allows O, to identily 
rotation direction. That is, for dots see? 
beyond the axis of rotation, rightward an 
leftward retinal motions signify counter 
clockwise and clockwise rotation, respec 
tively, whereas for dots on the near side 9 
the axis of rotation the rule is reversed. i 

The results of the present investigation a 
rotation in depth in unidimensional e. 
plays require that an additional cue d 
rotation direction (at least one) be adde 
to the previously identified list of three 
(Hershberger & Urban, 1970). The asym- 
metry of the A/D disproportionalities рй 
vides the requisite stimulus informato" 
and as such ranks as a likely candidate fo 
the role. 
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SHORT REPORT 


TRUTH, AMPHIGORY, AND THE SEMANTIC INTERPRETATION OF SENTENCES? 


DANNY D. STEINBERG? 
University of Hawait 


The truth-value interpretation of amphigorous (“meaningless”), contradictory, 
redundant, and informative sentences and their corresponding negations were 
investigated. Thirty Ss rated 156 affirmatives and their 156 negatives accord- 


ing to whether they were true, 
false. 
were amphigorous, 
the findings strongly support A. G 
amphigorous 
while their negations, e.g. 


A. Pap's thesis that all such sentences wou 


false was not confirmed. 


E Bap (1960) has stated that sentences like “Socrates 
MO RERNI number” would “unhe: atingly be dis- 
B. 4i as meaningless, not false, by plain people 
3 em and that their negations, "Socrates is not 
ine number," would also be regarded as mean- 
and a €. neither true nor false. On the other 
the dm wing (1965) and Drange (1965) interpret 
he rmatives as false and their negations as true. 
er present study investigates the truth-value in- 
Pretation of such "meaningless" or amphigorous 
Sentences and their negations, and of redundant 
um contradictory (C), and informative (I) sen- 
ciis and their negations as well. The research also 
~¢mpts to replicate the findings of previous studies 
a oberg 1970a, 1970b) with respect to the sen- 
e categories, R, C, I, and A. 

sn fethod —The Ss were 30 male and female college 

Rata ranging in age from 17 to 23 yr. All were 

€ speakers of English. 

Sea of the 30 Ss rated two booklets of sentences. 
ach booklet contained the same 312 sentences but 
d rating instructions for the two booklets differed. 

to a booklet, the TRUTH form, Ss were required 

Bikes sentences as (a) True (T), (b) False (F), (с) 

her True or False (E), or (d) Neither True nor 
alse (N). No examples were given. In the other 
кке, the INFO form, 5s were required to rate 
кпен on the basis of examples and the following 
category labels: (а) Redundant (R), (0) Contradic- 

Ory (C), (c) Acceptable and Informative (D, and 
(9) Irrelevant, unacceptable, and not contradictory 
Jereafter called Amphigorous-A). The Ss were 

Eiven the INFO form first for rating. The task was 

Completed in 2 hr. or less. 

The sentences presented to Ss fo 

Service Busan FESSES in part bet Dun the 

Bora osi ol Morel Hi Pil Coote ot 

беи elei ай 

S Ше Vue enata IR їп the analysis 
$ Requests for eprint should он io а Пака d 


ера: f English as а 
Hawaii Honolulu, Hawaii 96822. 


г rating were con- 


1 


The same 312 sentences were а 
redundant, contradictory, or informative. Principally, 
Ewing's and T. Drange's positions that 


affirmatives, e.g., "The chair is 
“The chair is not a sheep," аге interpreted as true. 


false, either true or false, or neither true nor 
lso rated with regard to whether they 


a sheep," are interpreted as false 


ld be regarded as neither true nor 


structed using two frames, “Тһе isa ."and 


“Тһе is nota " and the lexical item 
WOMAN, PERSON, HUSBAND, WIFE, SPOUSE, FT 
FIANCEE, BETROTHED, RAM, EWE, SHEEP, and CHAIR. 

Materials and sentence construction procedure 
are discussed in detail in Steinberg (1970a, 1970b). 

Results and discussion.—On the basis of that cate- 
gory which received the highest frequency of re- 
sponse, i.c., the mode, each of the 312 sentences of 
the TRUTH form was designated as characteristi- 
cally T, F, E, or N, and each of the 312 sentences of 
the INFO form was designated as R, C, I, or А. 
Thus, each sentence received two characteristic 
designations, one from the TRUTH form and one 
from the INFO form. 

Table 1 presents the results, on the basis of posi- 
tive and negative sentences for the TRUTH form 
alone (left side), the INFO form alone (center), and 
for the relations between the two forms (right side). 
The relation measure is based on the two ratings 
each 5 gave to each sentence. On the TRUTH form, 


TABLE I 


SEPARATE TRUTH AND INFO FORMS 


RATING RESULTS FOR TH! 
AND FOR RELATIONS 
AND Ni 


г TRUTH and 
SEEN TRUTH form | INFO form INFO forms 
group 
Category | % | Category| % | Relation % 
1 
Bos T 89.5 R 75.6 | T&R 
2 neg F 88.7 © 71.3] F&C 
pos E 82.0 I 860| E&I 
a = E 83.3 I 82,8 | E&I 
pos Е 83.7 c 75.8] F&C 
q E T 82.5 R 63.8| T&R 
pos F 77.0 A 65.3 F&A 
neg E IRE X æo TER 


Note—T = Truth, P= False, B = Either Tor ER те Re- 
dundant, C = Contradictory, 1 = Informative. А = Amphig- 


orous. 
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HUMAN 


INFORMATION-PROCESSI NG 


PERFORMANCE IN CONTINGE 


TASKS! 


IRVING BIEDERMAN * 


State University of New York at Buffalo 


"Theoretical accoun 
emphasized the util 
information directs the proces 
uncertainty. The present inves 
processing might be accomplished ir 
relevancy of a given stimulus dimensi 
stimulus on some other dimen 


two of the three dimensions were relevant on any one tri 
asks where all three dimensions were relevant 


hich a given contingent task could be 
to the discriminability of the dimensions that were 


faster and more accurately than t 


on each trial. Moreover, the speed at w 


performed was related 


5 of complex human information-processing behavior have 
ation of contingencies whereby the processing of som 
sing requirements of the remaining sources of 
tigation sought to determine how such flexible 
1 a speeded recognition task where the 


ie 


sion was contingent upon the value of the 
sion. These contingent tasks, in which only 


al, were performed 


relevant on that trial. "These results provide strong support for a self-terminat- 


ing, feature-testing, со 


tition effects also supported the hyp 


contingent relations to achieve a cla 
interactions between discriminabilit 


ntingent mode of processing. The error data and repe- 
othesis that 
ification of the stimulus. Тће lack of 
y of the relevant 


Ss were employing the 


dimensions in the 


contingent tasks and variations in S-R compatibility were consistent with the 
hypothesis that the contingencies were utilized at some stage prior to response 


selection. 


The А 
ime o imental study of choice reaction 
Ypicall T) and perceptual recognition has 
ally involved performance on tasks 
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where a given source of information Was 
either always relevant or never relevant 
(Posner, 1964; Smith, 1968; Treisman, 
1969). Outside of the laboratory, however, 
information which is relevant in one situa- 
tion can often be ignored in another; ђе» 
most information that we deal with has the 
status of being sometimes relevant. Ob- 
viously, the relevancy or irrelevancy of this 


mance Center, Department of Psychology, Univer- 
sity of Michigan. The author held a United States 
Public Health Service predoctoral research fellow- 
ship during this period. 

2 Requests for reprints should be sent to Irving 
Biederman, Department of Psychology, State Uni- 
versity of New York at Buffalo, 4230 Ridge Lea 
Road, Buffalo, New York 14226. 
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information must be conlingent upon the 
status of other sources of information. . 
The processing of contingent information 
is of central importance in many theoretical 
accounts of complex information processing 
(Hunt, 1962; Miller, Galanter, & Pribram, 
1960; Reitman, 1965; Trabasso, Rollins, & 
Shaughnessy, 1971). Contingent struc- 
tures are often presented diagrammatically 
as tree diagrams or branching flow charts 
or verbally referenced as “hierarchical 
Structures." Presumably, the functional 
significance of contingent (or hierarchical) 
Structures resides in the economy which 
they afford in the required number or 
complexity of the information transforma- 
tions intervening between input and out- 
put. In some sense, virtually all informa- 
tion-processing tasks have contingencies 
embedded in them in that if sources of 
stimulus information are sampled then an 
efficient system does not reexamine the 
already examined sources. In other words, 
the search among the remaining alterna- 
tives is contingent on the fact that the 
“critical” alternative has not, as yet, been 
identified, While the underlying psycho- 
logical processes may be the same in the 
two cases, the term contingent will be used 
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only with reference to those tasks where the 
processing of one source of information 
conveys more information about the neces- 
Sity of processing remaining sources d 
would arise from simple elimination of tha 
Source as critical. 

The present research is designed to 
examine the following three questions con- 
cerning the processing of contingent infor- 
mation. (a) Can contingent information 
be used to direct the course of шш 
dimensional perceptual recognition ? Whil 
it is obvious that contingent information а 
employed in many activities typically 
classified as thinking, it is not clear whether 
such information would be employed in the 
immediate classification of stimuli. d 
If contingent information is used, how is T 
handled? (с) At what stage in the infor- 
mation-processing sequence between шт 
lus and overt response does this processing 
occur? 

Experimental lasks.— Discussion. of the 
above three questions will be facilitated ! 
reference is first made to a sample a 
tasks employed in the experiment. | I i 
tasks used the same set of eight stimu 
which were assigned to four finger-key 
responses: two stimuli per response (Fig. 
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Set A). (All three dimensions are relevant. 
ment for a filtering task (FT Set A) with color 


irrelevant.) 


=> Тће eight stimuli were generated 
Color aree binary dimensions (background 
asi: bn. size, and diameter tilt). The 
stimuli iffered only in the way these eight 
n dm ! were assigned to the four responses. 
ae Piet ied tasks, the assignment was 
denda the relevance of a given secondary 
E was dependent upon (or con- 
(eem upon) the value of the stimulus ona 
Shows - сны dimension. Figure 1а 
Primary iei dn task where color is the 
cde "d imension and tilt and size are 
> ndary dimensions. lf the color is green, 
а онд оп the basis of tilt and ignore 
1 the color is red, then S can respond 


Schematic of the S-R assignments for a condensation tas 


Oe 
olo 


RIGHT INDEX RIGHT MIDDLE 


RESPONSE KEY 


sk (COND 
2b. Schematic of the S-R assign- 
and size relevant and tilt 


on the basis of size and ignore tilt. Figure 
1b shows a contingent task with the same 
set of stimuli and responses as in Fig. 1a, 
but with tilt as the primary dimension. In 
the condensation task (Fig. 2a), all three 
dimensions were always relevant. In the 
filtering task (Fig. 2b), one of the three 1$ 
always irrelevant ; the other two are always 
relevant. К 
Contingent information processing.—1 he 
three tasks shown in Fig. 1 and 2 are what 
Posner (1964) termed information-reduc- 
tion tasks in that the response information 
is less than the stimulus information 
(although Posner distinguished only be- 
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tween filtering, which he called gating, and 
condensation). When relevant and irrele- 
vant visual information are perceptually 
distinct or analyzable, a filtering task 
requires less processing time than a cor- 
responding condensation task (Fitts & 
Biederman, 1965). Posner maintained that 
an extra transformation step is required to 
effect the reduction of information in the 
condensation task. Such a step would 
not be required in the filtering task where 
the information to be reduced is never 
relevant. In Posner's (1966) terms, then, 
the difficulty of the contingent task relative 
to a filtering or condensation task would 
depend on whether a transformation is 
performed on a secondary dimension on 
those trials when it is irrelevant. 

Two studies have been explicitly con- 
cerned with RT in a contingent informa- 
tion-processing task (Hodge, 1959; Mont- 
ague, 1965). In the Montague experiment, 
irrelevant information that was at other 
times relevant led to more errors in a 
contingent task than did the same amount 
of irrelevant (and never relevant) informa- 
tion in a filtering task. Montague inter- 
preted this as indicating that “the locus of 
interference attributable to irrelevant in- 
ormation is in the response competition 
Senerated by implicit responses elicited by 
the nonrelevant dimensions [p. 235]" 
Hodge also accepted response competition 
as an explanation for the increase in 
reaction times (RTs) that occurred when 
the number of irrelevant, but at other times 
relevant, dimensions of a stimulus was 
increased. However, current models of in- 
formation-processing behavior (e.g., Stern- 
berg, 1969) hold that “implicit responses” 


occur at functionally different processing 
stages between in It would 
seem desirable, 


seen below, 


i 2 n-processing 
modes are consistent with the results of 


both the Hodge and Montague experiments. 

There are at least two ways in which 
contingent relations among dimensions 
might be used to influence th 
perceptual identification. 


informatio 


€ course of 
The different 
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modes depend on whether dimensions are 
processed sequentially or in parallel (Bie; 
derman & Checkosky, 1970; Egeth, 1966; 
Nickerson, 1970). A sequential mode is 
illustrated by the decision tree in the uppa 
portion of Fig. 1: S might use the sues 
the primary dimension as the basis и 
selecting the relevant secondary dimensio! 
for processing. To do this, it is -— 
to process the primary dimension first 
select one secondary dimension for pro 
cessing, and ignore the other secondary 
dimension. This mode implies that ш 
primary dimension would be processed E 
every trial while any one secondary dio 
Sion would be processed on only those tria 
in which it was relevant. Such a mode d 
processing will be termed serial contin 
Processing. The utility of employing serial 
contingent processing arises from the sav 
ings in time when one of the secondary 
dimensions is not processed. 1 
If dimensions аге processed in paralle^ 
then the contingency relations might be 
used to define criteria for determining whe? 
a sufficient amount of information had be 
extracted from the secondary dimension 
for a correct response. This mode, whic 
will be termed parallel contingent processing 
would benefit 5 only on those trials whe 
the processing of the primary dimensio! 
was completed before the completion 9 
the irrelevant secondary dimension. For 
example, in the task shown in Fig. 1a, 
would simultaneously start to process color; 
size, and tilt. If S determined that the 
color of the stimulus is red, say, then the 
parallel contingent mode implies that 5 ex 
the capacity to initiate а successive EY 
of processing (e.g., response selection) “4 
soon as he determined the size. EV! 
though the tilt is not "known" to Ea 
irrelevant, S may continue to process !* 
However, the outcome of the tilt processing» 
even if it should come prior to the outcome 
of the size processing, would not influence 
the initiation of a successive stage. ё 
Note that both contingent modes w^ 
а highly flexible process in which early 
Outcomes of processing are rapidly 204 
efficiently utilized to influence the arm 
quent course of processing. Biederman а 
Checkosky (1970) argued for such fie 
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pw Fatale 2 that when stimuli differed 
Finish њи еј either of which could 
response, RTs sg: ee em ed hee arm 
S e oras: asti пап when stimuli 
compatible ly one dimension. A model 
Which th — this. result is one in 
m p erent dimensions are pro- 
ph agone with a response initiated 
able. im sufficient information is avail- 
ела но ѕоте variability, overlap, and 
s dd in the distribution of times 
the Lord each dimension, sometimes 
D oceano a, for one and sometimes the 
completed ra the other dimension would be 
variabilit. ryan To capitalize on this 
rule [с could not adopt a stopping 
Processi on a dimension specified prior to 
Processir g. Rather, he would have to start 
respons ла both dimensions and to initiate 
mension selection based on whatever di- 
е be completed first. Similarly, 
Speed 4 gaon has argued that the high 
i entifies , accuracy evidenced when one 
iminar 5 A stimulus requires that a pre- 
res d analysis be made of certain fea- 
analysi the stimulus. This preliminary 
sequent cine to guide the course of sub- 
Sel Feature testing. 
or cum secondary dimensions to process 
activity the S for stopping rules is an 
sume vh at in itself, however, might con- 
cessing re time than is saved by not pro- 
5 eee oo dimension. There are 
" ent of ways in which 5 might nol use 
and aoe relations and still correctly 
Mode iently perform the task. Four such 
е5 will be considered. 


оды dimensions might be processed 
Second ially, in the order of primary, easy 
ing that d and difficult secondary (assum- 
in cvm the secondary dimensions differed 
whieh will Im difficulty). While this mode, 
oes dec be termed sequential by primary, 
ormed pitale on the contingent relations 
termed T the S-R assignments, it is not 
Come ot contingent mode since the out- 
to mene | етно = does not serve 
Processing. the course of subsequent 

2 s 
его g tensions might be processed 
ісце Уу order of their discrimination 
y. With this mode, which will be 
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termed sequential by discriminability, not 
only is the relevancy or irrelevancy status 
of the secondary dimensions ignored, as 
with the sequential-by-primary mode, but 
the primary versus secondary status of the 
dimensions is also ignored. 

3. All three dimensions might be pro- 
cessed on every trial exha ustively even when 
sufficient information is available from two 
of the dimensions to make a correct re- 
sponse. Both contingent modes, as well as 
the sequential-by-primary and sequential- 
by-discriminability modes, assume that a 
successive stage can be initiated as soon as 
sufficient information is available. For 
purposes of the present experiment, it is un- 
necessary to distinguish between parallel or 
sequential forms of exhaustive processing. 

4, While the set of stimuli may be 
represented as being generated from several 
dimensions, it is not necessarily the case 
that S "analyzes" a stimulus into its 
component dimensions. Thus, S might 
form some internal, unitary “template” of 
the stimulus (visual, verbal, or abstract) in 
which individual features are not tested 
but in which the complete stimulus is the 
unit for input-output matching. Since the 
contingencies being discussed require test- 
ing features of the input, contingent pro- 
manifested if the 


cessing could not be 
of the stimulus was 


internal representation 
in template form. 


The experimental strategy to distinguish 
among the various processing modes was 
to compare RTs from different contingent 
tasks where differences in discriminability 
(physical similarity) were interchange 
between primary and secondary dimen- 
sions. To accomplish this, while using the 
same set of stimuli in the different tasks, 
the stimulus set was generated from dimen- 
sions that differed in the discriminability © 
their values and the contingent tasks 
differed in the dimension which was 
primary. With the tasks shown in Fig. 
and 2, the tilt dimension was harder to 
discriminate than the color or size dimen- 
sions. The expected relations between RTs 
and primary dimension discriminability 

are based on the assump- 


discussed below | ‹ В тар 
tion that differences 1n RT between tasks 
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reflect the number of dimensions that are 
processed and the difficulty in making 
discriminations on these dimensions. 

Both exhaustive processing and template 
matching imply that there would be no dif- 
ference їп RTs between contingent tasks 
and condensation tasks. In both kinds of 
tasks, all three dimensions (or all eight 
templates) would be processed on every 
trial Тће sequential-by-discriminability 
mode in which the dimensions were pro- 
cessed in order of easiest to most difficult 
implies that there would be no difference 
between a condensation task and a contin- 
gent task in which the most difficult dimen- 
sion was primary (and last to be processed). 
In both tasks, RTs would be limited by the 
same third dimension to be processed. If 
the dimensions were Processed in order of 
most difficult to easiest, then no difference 
would obtain between a contingent task 
with the least difficult dimension as primary 
and a condensation task. Moreover, this 
version of the sequential-by-discriminabil- 
ity mode predicts that the more difficult the 
discrimination of the values of the primary 
dimension, the faster the RTs. 

The Sequential-by-primary mode implies 
that if a contingent task had the most 
difficult dimension as а secondary dimen- 
sion, RTs on those trials when that difficult 
dimension was relevant would be equal to 
RTsona condensation task, For example, 
with the task shown in Fig. Та, whena green 
stimulus is presented, S would first process 
its color, then its size (even when irrele- 
vant), and finally its tilt (the most difficult 
dimension) Thus all three dimensions 
would be processed as is required in the 
condensation task. ТЕ the differences in 
discriminability аге SO great that there is 
no overlap between the component distribu- 
tion of times for identifying the values on 
the dimension that was most difficult to 
discriminate and the distribution of com- 
ponent times of the dimension that was 
easier to discriminate, then the parallel 
contingent mode would also yield the same 
prediction as the Sequential-by-primary 
mode. 

The serial and parallel contingent modes 


can also be distinguished by means of an 
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ма 
analysis of errors. Many models of in- 
formation-processing behavior view errors 
as resulting from a premature termination 
of a sequential search or sampling process 
(Egeth & Smith, 1967; Fitts, 1966). Du 
the serial contingent mode, since ke 
primary dimension is processed first, ther 

would be fewer errors attributable to Ee 
identifications of the primary dimen 
(primary errors) than to misidentification 
of the secondary dimensions (secondary 
errors). Such an outcome could also a 
consistent with the parallel ње 
mode if it is assumed that a response wou 

tend to be initiated once the value of E 
primary dimension was determined. Give 1 
that RTs are related to the discriminability 
of the primary dimension and that ue 
are more primary errors than secondary 
errors, the parallel contingent model ре 
dicts that the secondary error rate would D 
related to the discriminability of the р!" 
mary dimension. If S starts out by prd 
cessing all three dimensions simultaneously; 
and if the primary dimension require’ 
relatively little time to discriminate, a 
the Processing of the secondary dimension” 
would tend not to be completed until ge 
the processing of the primary dimensio” 
was completed. Now, if S initiated, on some 
trials, a response as soon as he determine" 
the value of the primary dimension, then 
he would be likely to misidentify the value 
of the secondary dimension, Alternatively: 
if the primary dimension was difficult tO 
discriminate, then by the time S complet? 
the processing of the primary dimension h 

would be likely to have already complete 

the processing of the secondary dimension 
Consequently, in this latter case he would 
not be likely to misidentify the value of the 
secondary dimension, ‘Thus the paralle 
contingent model predicts that there wou 
be more secondary errors on а given андер 
sion when that dimension is in a task wit z 
a primary dimension that is relatively easy 
to discriminate than when it is in а tas* 
with a primary dimension that is relativel 
difficult to discriminate, For example, el 
the tasks shown in Fig. 1, the paral 
contingent model predicts that more pnr 
Would be made in misidentifying size whe 
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it was a secondary dimension in the CC 
task (where a relatively easy dimension, 
color, is primary) than in the CT task 
(where a difficult dimension, tilt, is primary). 
: Repetition effects —The existence of repe- 
tition effects (e.g., Bertelson, 1963) has 
provided investigators of RT with another 
dimension to their dependent variable. 
chvaneveldt and Chase (1969) have re- 
cently argued that these effects reflect 
processing strategies. If so, then of par- 
ticular interest in the study of contingent 
та 15 the possibility that the magnitude 
the де раа effect may be sensitive to 
E ы (ог functional) signifi- 
Shae: the different stimulus components. 
he d (1965) reported a study in which 
сае that repetition effects were more 
tha xed with stimuli designated as rules 
тени stimuli designated as signals to 
Sen h rules were to be applied. Л he signals 
= two lights arranged horizontally to 
Fia a to the spatial separation of the 

O index fingers. The "rule" was com- 
prised of two intersecting bars at right 
Wngles to each other to form a “+.” 
а the horizontal bar was presented, a 
iuo ER S-R mapping of signals to 
E ex fingers was defined ; i.e., the left light 
fing te be responded to with the left index 
h ger and the right light was to be re- 
Ponded to with the right index finger. 
Es the vertical bar was presented, a 

ralateral S-R mapping was defined. 

In Shaffer's (1965) study, RTs were 
е when either the rule or the signal 

as repeated on successive trials, but re- 
Peating the rule led to a greater facilitative 
effect than repeating the signal. There are 
Some difficulties, however, in generalizing 
Shaffei's results. If the utility attendant 
"pon the use of rules and concepts is to be 
understood in terms of their provision for 
efficient processing of sets of alternatives 
(Whether these alternatives be additional 
features of the stimulus situation ог addi- 
tional S-R mappings), then Shaffer’s desig- 
nation of the bars as rules and the lights as 
S would appear to be arbitrary: The 
"d conveyed as much information as the 

ght, independently of the order in which 
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the two stimulus elements were processed. 
Another difficulty in interpreting Shaffer’s 
results is that the differences in physical 
characteristics of the two types of stimuli 
were confounded with their rule versus 
signal designations. A more adequate study 
of the use of rules in information-processing 
behavior would involve use of a task in 
which initial extraction of information from 
one stimulus dimension (designated as the 
primary or rule dimension) results in less 
total information processing than if some 
other (secondary) dimension is processed 
first. The contingent tasks shown in Fig. 1 
meet this specification. Moreover, func- 
tional effects may be distinguished from the 
effects of the different physical character- 
istics of the stimulus dimensions by counter- 
balancing the dimensions assigned as rules 
and signals. 

Shaffer’s (1965) question as to the rela- 
tive magnitude of the repetition effect for 
rules versus signals to which the rules are 
to be applied may be profitably asked about 
the performance of contingent tasks. Under 
the serial contingent mode, it is clear that 
the primary dimension would be classified 
as the rule and the secondary dimensions 
as the signals. Thus, repeating the value 
of the primary dimension might result in a 
repetition effect of greater magnitude than 
would be obtained if only the secondary 
dimension was repeated. 

Locus of effects in the information-process- 
ing sequence.—]n the tasks studied, two 
response dimensions can be identified : hand 
(left vs. right) and finger (index vs. middle), 
with the former generally leading to more 
potent compatibility manipulations. -R 
compatibility of the contingent tasks was 
varied by utilizing ап S-R mapping !n 
which the value of the primary dimensions 
determined not only which of the two 
secondary dimensions was relevant but also 
which hand was to be used in the high- 
compatibility conditions. In the low-com- 
patibility conditions, the value of the 
primary dimension determined neither the 
hand nor the finger that was to be used. 
These variations are shown in the lower 
portion of Fig. Та and ib. If the contingent 
mode of processing primarily entails a 
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selection of response, instead of stimulus, 
dimensions, then the utilization of an S-R 
coding in which response selection is not 
directly attainable from an identification of 
the primary dimension should reduce the 
facilitative effect of contingent processing. 
That is, there would be less evidence for 
а contingent mode of processing under the 
low-compatibility conditions. If the con- 
tingencies are utilized at some stage prior 
to response selection, then the effects which 
provide evidence for contingent processing 
should not interact with compatibility 
(Biederman & Kaplan, 1970). 

By using an information-reduction task 
in which more than one stimulus is assigned 
to a single response, there are Trial N to 
Trial N + 1 Sequences in which different 
stimuli occur but in which the same re- 
Sponse is correctly given to both. RTs 
from these Sequences can be compared to 
those from sequences in Which the identical 
stimulus is repeated on the two trials. ТЕ 
RTs from the latter are faster, it can be 
taken as evidence that Processes prior to 
response selection are involved in the pro- 
duction of the repetition effect. 


METHOD 


_Stimuli—The stimuli were circles containing a 
diameter on a colored square background. Eight 
stimuli were generated from the three binary dimen- 
510п5 of circle size, background color, and the 
angular orientation of the diameter (Fig. 1). 
Sets of stimuli were used so th 
discriminability (via physical similarity) could be 
isolated from effec, i 
dimensions, 


Two 


sets, the circles were either 36.5 

mm. or 29.0 mm, ir The two sets differed 
t to the discriminability of the 
ground color and diameter tilt 
| In one set (Set A), the colors were 
either green or red (Kodak Wratten Filters No, 55 
and 25, respectively), and the diameters were tilted 
:Е2.25° from the horizontal so the angular differ- 
ence between the two values was only 4,59, јр the 
right part of the diameter was above the horizontal 
it was referred to as "two o'clock.” | the left side 
of the diameter was above the horizontal, it was 
referred to as "ten o'clock." Аз measured by a 
MacBeth Illuminometer, the background colors had 
a luminance of approximately 3.0 ftc, In Stimulus 
Set B, the colors were slightly different shades of 
red, with one red identical to the one used in Set A, 
Тће other red had a dominant wavelength closer to 
orange (Kodak Wratten Filter No. 23A) and slightly 
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more luminance (3.5 ftc.). This color was кеш 
toas “orange.” In Set В, the diameters were tt үң 
45° from the horizontal. The angular dieen 
between the two values in Set B was 90° and highly 
discriminable. E 
The circles and the diameters appeared as d 
outlines on the colored square; the color was ke 
fore visible in the interior of the circle. The co ide. 
background squares were 50.8 mm. on à “en 
Stimuli were presented by a multiunit po lay 
apparatus which permitted the independent D 
of two slides on each trial (Mylrea, 1966) : агаты 
background color and the other for a partic di 
Circle size-diameter tilt combination. The es E 
from the two slides were superimposed on a e 
glass screen approximately 71 cm. from 578 S 
The circles were centered within the backgrou 
square. 
ЕЯ ascertain the relative discriminability of a 
different dimensions, six Ss performed two ек 
RT tasks in which one of the dimensions M 
relevant and the other two dimensions were vith 
constant. The stimuli from Set A were used Y In 
three Ss; the other three Ss had Set В stimuli. E 
both cases, mean RTs were fastest when uu ster 
the relevant dimension. In Set A, color was ta on 
than tilt. In Set B, tilt was faster than COH 
Responses.—A response consisted of the depress "e 
of one of four piano-like microswitch keys pee he 
so as to correspond to the natural placement 0° nds 
middle and index fingers of the left and right ban 
(see Fitts, 1966, Fig. 2 for a diagram of the resP 


panel). learned 
З Procedure.—The procedure insured that 5 аша 
the ignment of stimuli toresponses. А card are 
a facsimile of the eight patterns, labeled anc re 
ranged according to the correct S-R pairing* пе! 
mained directly in front of response P ihe 
throughout an 8-min. instruction period an iles 
first block of 128 trials. The S was told the цег 
for performing the contingencies, e.g., “if the ра ete! 
is green, then you need only consider the diam per- 
tilt to determine which key is correct,” or i Pie 
forming the filtering, e.g., "only the size anc the 
color need be considered to perform correct У о 
diameter tilt may be ignored." А 3-min. P hese 
was allotted for 5 to study the card after © 


х 5 H erioC» 
instructions were given, After this study Ties on 
the eight stimuli were projected and the va 

the thr 


| ` A ally bY 
се dimensions were identified verbally 


ks 
| ive block 
Ап experimental session consisted of AYE каеш 
of 128 trials. "The first block was termed а “1 
block," 


асу 
and S was encouraged to strive for de al 
while committing the task to memory. 4 sk was 
ready signal initiated each block. The tas til 5 
self-paced; of 


ed = h 
at the position occupied by the center of t he nex 


The interv: after a response and before t of si* 
stimulus was 2 sec. During this time, one er the 
feedback lights would flash indicating ћете а 
response was Correct or incorrect and whet! 
fast, intermediate, Тће fast an 


or slow. 
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TABLE 1 
а S-R ASSIGNMENTS OF THE 10 Tasks or STIMULUS SET А 
Е? Contingent task Filtering task Condens 
task 
Ez CSH CSL CCH CCL CTH CTL FT FC FS Cond 
=! LM LM 
SG 10 M л LM LM LM LM LM LM LM 
Eum RI RI LI im | KM | LI n 
SR10 ni R RI LI LI RI RM LM RM RM 
LG? RI RI RI LI RI LI RM RM RI RI 
LGio| RM | Ri LM | LM | LM | LM | LI LI LM | RI 
LR2 RI RM i LI RI RM RM LI RI LI RM 
LR 10 RM LI RM RM LI RI RI LI RM LI 
RM RM RM RM RM RM RI RI RI LM 
Note.—Sti Я "CUT ~ 
La ef hand eee irs = small, Le = Таш бато = red, 2 = two o'clock, 10 = ten o'clock. Response coding: 


medi ; 
е теша меге 375 and 525 msec. for the 
m San contingent tasks and 600 and 800 msec. 
that пир а tasks. А pilot study revealed 
and pie Been criteria specified for the contingent 
Са ови tasks would be unattainable in the 
min Ed tasks. After each block, there was a 
sheet fa interval during which S жаз given a score 
each of у аса the number of times he received 
Уе "s six feedback lights on the preceding block. 
rather im were instructed to strive for accuracy 
that to han speed on the practice block but after 
Your res go fast enough so that about 5 per cent of 
ОГ this idee are in error." The S was reminded 
e» if his error rate exceeded 25%. 
reduce visual and auditory distraction, 5 sat 
white бу lit room and wore earphones into which 
етан was fed. у The earphones were part of an 
Шш ан which enabled E and 5 to com- 
S ts KOH their separate rooms. 
ape и sequences were presented by a punch- 
ock. EE А different sequence was used for each 
of the ci i sequences were generated so that each 
halves S ht stimuli appeared eight. times in both 
rial N each block. The 64 possible Tri ] N to 
equal f am stimulus pairs yielded approximately 
rial дейсе of the 16 possible Trial N to 
cor ns 1 response pairs. MP f 
Set: 6 —Тћеге were 10 tasks within each stimulus 
Were *4 the 10 tasks were contingent tasks, 3 
^а EDU tasks and 1 was a condensation task. 
of Set Son the S-R assignments for the 10 tasks 
initial XN S A tasks are symbolized by an 
dimensio followed by the letter indicating the 
size, aues is primary: "C" for color, s" for 
indicates i for tilt. The last letter, “Н” or “L, 
tively ee hether the task was high ог low, respec- 
AR E Thus "CSL indicates а 
and which a with the size dimension as primary 
are syribolized Re in compatibility. Filtering tasks 
etter indicating (he. initial “F” followed by the 
ignored Ti ing the. dimension which was to be 
Which color REA Pe. refers to a filtering task in 
Sis heut was the irrelevant dimension (tilt and 
, refore, would be the relevant dimensions). 


ina 


The condensation task is symbolized by "COND." 
Table 1 also shows the S-R assignments of the 10 
tasks of Set B with the one modification that “О” 
for orange be substituted for “G” for green. (While 
the differences between the diameter tilts were not 
the same in the two sets, the “two o'clo and “ten 
o'clock" labels need not be changed since they 
correctly designate the quadrants of the upper 
portion of the diameters for both sets.) 

Eight stimuli were assigned to four responses in 
all 10 tasks represented in Table 1. The low- 
compatibility contingent tasks were derived from 
their high-compatibility counterparts by switching 
the stimuli assigned to the index fingers. 

Design.—The Ss were assigned to 1 of the 10 
tasks within a set. The 6 contingent tasks comprise 
a mixed design with two between-group variables 
and three within-S variables. The two between 
group variables were compatibility (high vs. low) 
and primary dimension (color vs. size vs. tilt). One 
of the three within-S variables was the relative 
discriminability (high vs. low) of the relevant 
secondary dimension. The other two within-S 
variables were those for repetition effects. One of 
these variables was whether the value of the primary 
dimension changed from Trial N to Trial +1, 
the other was whether none, one, or both secondary 
dimensions changed value from Trial N to Trial 
N +1. 

The data of the filtering tasks were analyzed in a 
manner analogous to the contingent task analysis. 
In this analysis, it was assumed that the “primary” 
dimension was the one that determined which hand 
would be used, and the “secondary” dimension was 
the one that determined which finger would be used. 
A hand variable (left vs. right) was substituted in the 
filtering task analysis for the within-task discrimin- 
ability variable in the contingent task analysis. 
change from Trial N to Trial N 4-1 in the value of 
the "primary" dimension in the filtering tasks, as in 
the high-compatibility contingent tasks, required a 
change in the hand making the correct response. 
Since in the high-compatibility contingent tasks the 
secondary dimension which was high in discrimina- 
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bility was assigned to the right hand in five out of 
six tasks, both the filtering tasks and the low- 
compatibility contingent tasks provided a control for 
hand effects. 

Subjects.—The Ss were 188 University of Michigan 
undergraduate and graduate students who volun- 
teered for paid participation. Ten Ss were assigned 
to each of the three filtering and six contingent tasks 
inSetAandinSet B. Four Ss were assigned to each 
condensation task in each set. An equal number of 
males and females was assigned to cach task. 

Data analysis.—Vor each 5 in the contingent tasks, 


an 8 X 8 matrix of mean RTs of correct responses 
on Trial N +1 to all 64 possible stimulus shifts 


from Trial N to Trial N + 1 was constructed from 
the last three blocks of 128 trials. The first RT 


SAME 


IRREL. 
STIMULUS oN 
TRIAL N 


PRIM. 
AND IRREL, 
AND REL. 


Fic. 3. Trial N to N +1 
stimulus changes for anal 
tingent Task CC (Set A) w 
to changes in value(s) of secondar 


on Trial № + 1. Prim. refers to change: 
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h color as primary 
Y dimensions w 
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from each block was discarded because it had no 
immediate antecedent. A mean of the four means 
of the RTs to a particular value of the primary 
dimension on Trial N + 1 was computed. Thus 
the 8 X 8 matrix was collapsed into an 8 X 2 data 
matrix by ignoring differences in RTs between the 
four stimuli having the same value on the primary 
dimension on Trial У + 1. The 16 means were the 
data points used, after log transformation, in the 
analysis of variance. Each of the 16 means ери 
sented one combination of treatment levels та 
2х2 х4 within-S factorial design in which the 
first variable was the relative discriminability of the 
secondary dimension that was relevant on Tria” 
N + 1; the second variable was whether the primary 
dimension changed from Trial N to Trial N + 1i 


STIMULUS 
ON TRIAL 
Nel 


quences showing categorization of 
n effects. (Example is from Con- 
dimension. Irrel. and rel. refer 
ith respect to their status 
lue of primary dimension.) 
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(MSEC) 
> 
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о 


MEAN REACTION TIME 


2500 


a 2 B 
IME UM 


MEAN REACTION T 


BLOCKS OF 

Fic. 4. 

and 
to 

dime 


раан variable was the change from Trial N 
AEiG " sd in the values of the secondary 
Variable: Y There were four levels. of this last 
same val (a) both secondary dimensions had the 
(b) the ue on Trial N + 1 as they had on Trial N, 
N irrelevant secondary dimension on Trial 
relevant a nged its value, from Trial N, but the 
с) ther правио dimension did not change value, 
d o ы secondary dimension on Trial N+1 
Secondary 7 value from Trial N but the irrelevant 
both E dimension did not change value, and (d) 
Preceding Gil dimensions changed value from the 
Fig. 3. rial. These categories are illustrated in 


RESULTS 


Tas, + 

а Figure 4 shows that the task 
tice, Thé were relatively stable over prac- 
the slo е condensation tasks were clearly 


West in both sets (and also had the 


128 TRIALS 


Mean correct RT as a function of task and trial block. 


highest error rates). In general the con- 
tingent tasks were next in difficulty and the 
filtering tasks were easiest. The one excep- 
tion to this is the FS task which was more 
difficult than most of the contingent tasks 
in both sets. Performance on this task 
was more comparable to the CTL task 
than to the filtering tasks. 
Discriminability.—Vigures 
that the orderings of the means of the 
contingent tasks were generally consistent 
with the orderings based on the discrimina- 
bility of their primary dimensions. The 
differences among primary dimensions хе 
highly significant, F (2, 59 а 
р < .001, and 20.19, P « .001, for ets 
and B, respectively. Тће exceptions to the 
orderings based on dimension 


5 and 6 show 


primary 
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HIGH COMPATIBILITY 
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SET A 
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5 
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E 2 та TILT 
RELEVANT DIMENSIONS 
Fic. 5. 


Mean correct RTs as 
(one primary and one secondary) 


high-compatibility contingent tasks, 


the contingent task of the pair: C 
Dashed lines sl 
tasks with the sa. 


CT - tilt primary. 
fingers, from filtering 


discriminability were that CCH у 
than CSH in Set A and th 
than CTL in Set B. 


among the filtering t 


as faster 
at CCL was faster 

Differences in RTs 
\ asks were also highly 
reliable, 7 (2, 27) = 12.16, р < .001, and 


~~ Corresponding 
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z SET A 
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Ето. 6. Mean correct 
primary and one second. 
compatibility contingent tasks. 
contingent task of the pair: CC = 
primary. Dashed lines show cor: 
filtering tasks with the same rele 


RTs as a fur 
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NOW corresponding RT. 
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pairs of relevant dimensions 
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n upper left-hand corner specifies 
7 color primary, CS — size primary, 


, matched by 
me relevant dimensions.) 


23.94, р < .001, for Sets A and В, repe 
tively. Within both Sets, the вен 
RTs for the filtering tasks was ара 
with the discriminability of the relevé 
dimensions, 


со ова 
Ma^ соо 


RELEVANT DIMENSIONS 


pairs of relevant dimensions (one 
‘ast three 128-trial blocks for the low- 

"Pper left-hand corner specifies the 
imary, CS — size primary, CT — tilt 
Ts, matched by fingers, from 
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я Figures 5 and 6 show mean RTs grouped 
їп terms of the pair of dimensions that were 
relevant on that trial. In the contingent 
pus in Set A, RTs from those trials when 
he more discriminable secondary dimen- 
Sion was relevant averaged 95 msec. faster 
үш RTs from those trials when the less 
gy secondary dimension was 
oo F (1, 54) = 38.06, р < .001. In 
E B, this difference was 148 mscc., 
Ex 54) = 97.89, p « .001. It should be 
o» that when the least discriminable 
Ei use were relevant, i.e., tilt and 
tos o were still considerably faster 
г s on the condensation task (Fig. 4). 
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128-trial blocks for the contingent tasks from Set A. 
t he abscissa refers to the status on Trial N + 1 of 
he dimension (5) which changed value from Trial 
to Trial М +1. [None = same secondary 
Values on Trial N and Trial № + 1.] a = high- 
Compatibility tasks. 5 = low-compatibility tasks.) 
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^ 
m PRIMARY VALUE ЗАМЕ. 


STIMULUS SEQUENCE FROM TRIAL N TO TRIAL М+! 


Fic. 8. Mean correct RTs from the last three 
128-trial blocks for the contingent tasks from Set B. 
(The abscissa refers to the status on Trial N + 1 of 
the dimension (s) which changed value from Trial N 
to Trial N + 1. [None = same secondary values on 
Trial Nand Trial № + 1.] а = high-compatibility 
tasks. b = low-compatibility tasks.) 


Compatibility—In all cases, the low- 
compatibility tasks had longer RTs than 
the corresponding high-compatibility tasks 
(Fig. 4). In Set A, this main effect of 
compatibility fell short of significance, 
Е (1, 54) = 3.91, .05 <р < .10, but is 
significant in Set B, F (1, 54) = 20.49, 
p «.001. Тће relatively large difference 
of 261 msec. between the CTH and CTL 
tasks in Set B resulted in a significant 
Primary Dimension X Compatibility inter- 
action, F (2, 54) = 5.74, p < .001. In both 
sets, the F ratios for the Compatibility 
X Secondary Dimension Discriminability 
interaction were less than 1.00. This 
indicates that the above-mentioned main 


effect of secondary dimension discrimina- 
bility in the high-compatibility tasks can- 
not be attributed to a left- versus right- 
hand effect. А 

Repetition effecis—The pattern of repeti- 
tion effects was similar in the two sets as is 
shown in Fig. 7 and 8. In the contingent 
tasks, RTs averaged 130 msec. longer when 
the primary dimension changed value from 
the preceding trial than when its value was 
repeated, F (1, 54) = 164.49, p < .001, in 
Set A, and 169.76, р < .001, in Set B. In 
the high-compatibility contingent tasks, 
Such changes were confounded with hand 
changes. However, hand changes аге in- 
sufficient to account for the effect since 
there was only a negligible increase in R'Ts 
when hand changes occurred in the ЕТ and 
FC filtering tasks (Fig. 9 and 10). (The 
apparent exception is with FS which will 
be discussed later.) Moreover, the magni- 
tude of the effect was approximately the 
same in the low- as in the high-com- 
patibility contingent tasks; the Primary 
Value Change X Compatibility interactions 
Were not significant, F (1, 54) = 1.99 
in Set A and 2.46 in Set B. In the low- 
compatibility tasks, hand changes were re- 
quired on only half of the trials when the 
Primary dimension changed value. RTs 
from these trials were indistinguishable 
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from RTs when the primary dimension 
changed value and a hand change was "°° 
required. Я 

When only an irrelevant. dimension 
changed value from Trial N to Trial N 3 
RTs were longer than when the stimu th 
Was repeated on successive trials. In мн 
cases, repetition of the response hs 
quired. 'The magnitude of this тер. 
effect was directly related to the discrimin? ' 
bility of the irrelevant dimension E 
changed value and it occurred in both t 
contingent and the filtering tasks (Fig- ^' 
8, 9, and 10). 

Errors.—Each contingent task error i 
classified in terms of (a) whether the erf T 
could be attributed to an incorrect d 
cation of the value of the primary die 
sion, of the secondary dimension, Qr We 
both, and (5) Whether the secondary diee 
sion which was relevant on the trial w 
which the error was made was high or p 
in discriminability. For example, 1n Mi 
high-compatible CC task in Set A (Fig: га 
if a small green two o'clock stimulus p 
presented and 5 responded with ane 
index finger, then the error was hype 
аѕ à secondary error because a misiden id- 
cation of the value of the relevant pe 
агу dimension would have resulted in 


was 


а 


= m =. 
|" 
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E N S responded with his right 
P E em the error was classified 
Е ae because if S has misidentified 
E dd dimension, he would have 
involved on the basis of size. Errors that 
Eos Ба н of both the 
eue. ds the irrelevant secondary di- 
тог if ) S would have made this type of 
middle p uad responded with his right 
The total nger) constituted only 6.5% of 
ore а трн of errors and were there- 
"Table ? ЈЕ from the following analysis. 
S the а у hows the mean error frequencies 
two-way | three blocks of 128 trials for the 
and va classification of primary dimension 
gent et p for both sets of contin- 
Significa, ks. Within both sets there were 
ctrorg wx more secondary than primary 
"s: P (1, 54) = 51.90, р < .001 for Set 
CA FA (1, 54) = 27.81, p « .001, for 
the disc I he error rates were also related to 
sions. ee of the different dimen- 
errors į the 1,738 primary and secondary 
Sin Set A, 409 involved misidentifica- 


TABLE 2 

SECONDARY AND PRIMARY ERROR F 
AS A FUNCTION OF PRIMARY DIMENSION, 
a AND SECONDARY DIM 
he IMINABILITY FOR THE Сохт 
KS or Hic AND Low COMPATIBIL 

М s A AND В 


M EAN 
Cris 

OM 

D 


E 
Low discrimi- | High discrim- 
nability inability 
жар ee ae Е o 
See- Pri Sec- Pri 
ond- Ti- | ond- 18. 
Ee. one | was | ey | тег 
Wi аа: азе — 
Ce compatibility 
«S 15.0 3.6 1.6 30.1 
13.2 11 1.8 28.1 
12.4 6.7 3.3 30.1 
13.5 3.8 2.2 
12.9 6.0 4.5 2.6 26.0 
2$ | 22 | 158 | 27 | 22.5 
77 9.9 11.0 8.4 37.0 
9.2 6.0 8.7 4.1 
9.2 15.8 6.8 
12.9 2.6 10.2 
22.2 2:3 7.9 
16.4 6.9 8.3 
6.7 9.1 3.2 9.6 28.6 
14.3 5.0 4.7 2.6 26.6 
14.1 6.8 5.0 7.6 33.5 
11.7 7.0 4.3 6.6 
Note.—cc 
Ote,—CC = color primary, CS =size primary, CT 


S tilt primary. 
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TABLE 3 


MEAN PRIMARY AND SECONDARY ERROR FREQUEN- 
cies AS A FUNCTION OF DIMENSION 
DISCRIMINABILITY 


Relative discriminability of mis- 
identified dimension 


Error type 


| Intermedi- | Difficult 
Primary 4.8 7.9 17.6 
Secondary 16.5 | 186 29.1 


st In Set A, с 
tion difficulty and tilt was 
termediate in discrimir 
difficult. 


tions of size, 567 of color, and 762 of tilt. 
The comparable figures for the 1,934 errors 
of Set B were 342 for size, 1,106 for color, 
and 486 for tilt. These differences led to a 


significant secondary dimension discrimina- 
= 8.47, p < .001, in 


bility effect, F (1, 54) 

Set A, and F (1, 54) — 34.94, p < .001, in 
Set В. Most important, there was only а 
negligible difference in the secondary error 
rates as а function of the discriminability 
of the primary dimension : an average of 9.8 
errors could be attributed to misidentifica- 
tions of secondary dimensions when in a 
task with a primary dimension that was 
relatively easy to discriminate and 10.5 
errors when with a primary dimension that 
was relatively difficult to discriminate. 
More generally, the two types of error rates 
did not interact with dimension discrimina- 
bility as shown in Table 3. Further 
categorization of the data by compatibility 
and stimulus set does little to alter this 
picture of independence of discriminability 
and error type. 


DISCUSSION 


results strongly 


Modes of processing.— The 
feature-testing, 


support a self-terminating, 
contingent mode of processing. The differences 
among contingent tasks differing in primary 
dimension discriminability, as well as between 
contingent and condensation tasks, support а 
self-terminating, feature-testing mode rather 
than a template matching or exhaustive pro- 
cess. The sequential-by-discriminability mode 
is inconsistent with the finding that tasks with 
a primary dimension lowest in discriminability 
(CT in Set A and CC in Set B) were faster 
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than the condensation tasks. When the dimen- 
sions that were lowest in discriminability were 
secondary and relevant, RTs were still faster 
than the condensation tasks. This result is not 
consistent with the sequential-by-primary 
mode. А 

If it is assumed that the component time 
distributions of the three dimensions were less 
than perfectly correlated and did not overlap, 
then the parallel contingent model would 
predict that there would be no difference in 
RTs in tasks in which the least discriminable 
dimension was relevant. Thus when the least 
discriminable dimension was secondary and 
relevant or primary in the contingent tasks, 
then RTs should have been equal to the RTs in 
the condensation tasks. In these cases, RTs 
would be determined by the dimension that 
Was slowest to process. However, the con- 
densation tasks were considerably slower than 
these Contingent task RTs. In fact, even if 
there was some overlap in the component times, 
so that occasionally the condensation task 
would be limited by the more discriminable 
dimension, it would be difficult to Produce a 
difference as large as 100 msec. between the 
condensation and these contingent tasks, It 
Seems plausible, therefore, that the sequential 
contingent mode Provides a more accurate 
description of S's Processing, 

A mode that is Consistent wi 
The 
modes are also consistent with the 
ere attributable to 
alue of the relevant 


с i rather than of the 
primary dimension, alth 


í n ough this result is also 
Consistent. with the Sequential-by-primary 
mode. „Given that RTs were related to the 
discrimin 


ability of the primary dimension and 
that there Were more Primary errors than 
secondary errors, the failure to find 
appreciable effect of prim 
criminability on Secondary error 
evidence against Paral 
The small difference 
direction opposite to that expected from the 
parallel model. The nding that repetition 
effects were related to t Secondary 
status of the dimensions 1 evidence 
for the functional significance of the contingent 
relations. 

Some additional comment is required, how- 
ever, concerning those between-task comp. 


ari- 
sons that were inco 


stent with the discrimin- 
ability orderings derived from the data of the 
two-choice and filtering tasks. 


In discussing 
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differences in performance attributable to 
differences in the dimensions that were Pd 
cessed, the primary emphasis has been on Из 
discriminability (physical similarity) of th 
dimensions as the factor responsible for these 
differences in RT. While the reversal in 
difficulty of the CC and the CT tas АЕН 
Sets А and B indicated that physical айап | 
was operative in establishing differences e 
the contingent tasks, it is likely that Mos 
factors were also operative in producing di d 
ences among the contingent tasks within a 5 n 

Under the general rubric of "сода Ун 
two factors, presumably operating шу. 
independently of physical similarity, deser is 
discussion. The first is related to the age 
played (or reflected) by specific -— 
habits on performance in these tasks. mi 
was much consistency among Ss in the a 
Which they identified the values of a a to 
sionalized pattern when they were aske re 
describe it. These orders typically oe 
sponded to the most frequently aa 
adjective orders in the language. Such ae on 
language Stereotypes are illustrated es 
People tend to say віс RED HOUSE rather t bs 
RED BIG HOUSE. In describing the stimuli Bi y 
in these experiments, Ss would Farro 
mention the value of the size dimension fi n 
the value of the color dimension second, & in 
the value of the tilt dimension last. es 
stimulus was most often described as LAR oe 
GREEN, TWO O'CLOCK or SMALL, RED on 
O'CLOCK, and rarely as TWO o’cLocK, LAR £i 
GREEN Or RED, TEN O'CLOCK, SMALL. If m 
natural language orderings influenced the oe 
in which dimensions were identified in ; che 
experiments, the sequence determined by ks, 
contingent mode of Processing in the CS bo be 
Where size would be identified first, woul псе: 
most consistent with the language seque 
Тће serial contingent mode of processing 1n йв 
CT tasks would involve a sequence of n 
cations that would be most incompatible 3 be 
the language Sequence in that tilt was dence 
identified first, ЈЕ the degree of correspon 
between the adjectival sequence an node 
Sequence determined by the contingent intere 
of processing determined the amount of d 
ference (or facilitation) that would be prisons 
from language habits (or some factor s e 
by language habits), then the CT task W task 
suffer maximal interference апа the es be 
the least interference. The CC task за by 
intermediate. This argument is *o ae 
ап examination of Fig. 5 and 6 een were 
that when size and tilt or color and ti 


—————————— 
+. 
we 


СЕ 


CONTINGENCIES AFFECTING INFORMATION PROCESSING 


the relevant dimensions in the CT tasks, RTs 
E. longer than when these pairs of dimen- 
ue NE Ce in the CS or CC tasks, 
Eu W hen color and size were the 
aak A the prediction of RTs on 
NU a the adjectival ordering is that RTs 
kis ds e onger in the CC than in the cs task. 
ае ontrary to the results shown in Fig. 5 
Soule a direct comparison in this case is 
E event to make in that when size was the 
am i: | secondary dimension in the CC task, 
+ E hand was used, while in the CS task, 
Son olor was the relevant secondary dimen- 
; the left hand was used. 

MM ме - factor arises from difficulty in 
ences E ifferent S-R assignments or differ- 
Tos a S-R compatibility (Fitts & Seeger, 
CT ist ee anally, in the high-compatibility 
"code? 5 апа the FC tasks, it was possible to 
the low the tilt dimension as a pointer in that 
tion SU part of the diameter was in the por- 
hand т} the circle which corresponded to the 
GN bu was to be used in responding. For 
Portion’ in the ten o clock position, the lower 
the of the diameter was in the right part 
Was in Tt and in some tasks the diameter 
hand the 10 o'clock position when the right 
assign d to be used. Some Ss who were 
employ to these tasks reported that they 
that Ар such a coding scheme. It is possible 
t the extremely poor performance shown by 


s ~ mo ~“ 
7 E the FS and low-compatibility FT groups 


Tesoly, $ This explanation can 
* two inconsistencies in the ordering of 
asks determined on the basis of the dis- 
he та of the relevant dimensions and 
eis Dr Оро исл of the time that they were 
Tres (a) In the low-compatibility con- 
than po ed of Set B, CT results in longer RTs 
conditi even though in the high-compatibility 
(Fig ee of that set CT is faster than CC 
discri ); and (b) in Set A, the difference in 
ime minability between the size and color 
ERAS was slight, but a sizable difference 
" Ted between the FC (in which size and 
bu ue relevant) and the FS (in which color 
са t Were relevant) tasks (Fig. 4). In the 
ined НЕ task, the tilt dimension was 
ashion in the more compatible ‘‘pointing 
ро "n, while in the latter task no consistent 
Ви oe соде could be used since each hand 
dis both tilt values assigned to it. If only 
А Criminability was operative, then the differ- 
псе between the FC and FS tasks would have 
>een less than the difference between the FC 


Crim] 


а 
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апа ЕТ tasks since there was a comparatively 
large difference between the discriminability of 
the color and tilt dimensions. 

Тће evidence for serial contingent processing 
would appear to be at variance with the 
evidence for parallel processing of multidimen- 
sional stimuli reported in other studies (Bieder- 
man & Checkosky, 1970; Hawkins, 1969). One 
possible resolution of this discrepancy is that 
the serial versus parallel modes represent an 
option available to the processor. In the 
present experiment, the instructions and/or 
contingent correlations could have induced a 
serial mode. Another possibility, stressed by 
Garner and Felfoldy (1970), is that the manner 
of processing a dimensionalized set of stimuli 
may depend on the specific stimulus dimensions 
used to generate the set. Following Shepard 
(1964) and Lockhead (1966), they distinguish 
between integral (or unanalyzable) and non- 
integral (or analyzable) stimulus dimensions, 
“the distinction phenomenologically being be- 
tween dimensions which can be pulled apart, 
seen as unrelated, or analyzable, and those 
which cannot be analyzed but somehow are 
perceived as single dimensions. [Garner & 
Felfody, 1970, p. 225]." In a recent series 
of experiments, Garner and his associates 
(Felfoldy & Garner, 1971; Garner, 1970; 
Garner & Felfoldy, 1970) have argued that 
stimuli generated from integral dimensions 
typically yield results (e.g., redundancy gains) 
that have been interpreted as parallel pro- 
cessing, while nonintegral dimensions typically 
yield results that are consistent with serial 
processing. In the present experiment, the 
stimulus dimensions were most likely non- 
integral. Clearly, the diameter tilt was 
analyzable from the circle size or the back- 
ground color. Since the appearance of the 
color was that of the background square and 
not that of the circle, it too was analyzable 
from the circle. Given these stimulus dimen- 
sions, it is not unexpected, from Garner's 
(1970) position, that serial processing would 
Garner's integrality 


occur. According to 

hypothesis, however, contingent processing 
should not be evidenced when identifying 
stimuli generated from integral dimensions 


(e.g., sizes and colors of shapes). This predic- 
tion awaits future test. 

The evidence supporting the serial con- 
tingent mode of processing bears some rele- 
vance to the taxonomic system proposed by 
Posner (1964, 1966). In Posner's (1966) sys- 
tem, an issue was transformations 
were performed on sometimes relevant infor- 


whether 
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mation on trials when that information was not 
relevant. The shorter RTs in the contingent 
than in the condensation tasks may be. re- 
garded as evidence that such transformations 
were not (always) performed. However, the 
contingent tasks required more processing time 
than the filtering tasks. If transformations 
were not performed on the information from 
an irrelevant secondary dimension, then what 
is accounting for this additional time? One 
possibility is that time was required to “switch 
attention" from the primary to the secondary 
dimension. Such an explanation has been 
employed in the analysis of dichotic listening 
studies (Broadbent, 1958). Assume that this 
"switching time" is independent of the dis- 
criminability of the dimensions being pro- 
cessed. Тһе difference in processing time 
between matched (for discriminability and 
responses) contingent and filtering tasks would 
be constant. It is, unfortunately, very difficult 
to employ such a “subtraction method" since, 
as discussed previously, discriminability might 
not have been the only factor determining 
differences in RTs. It is not surprising, there- 
fore, that the relevant comparisons shown in 
Fig. 5 and 6 are not consistent on this point. 
Another possibility is that the sometimes 
relevant information, when it is not relevant, 
is "attenuated" but not filtered. Such an 
explanation has been advanced by Treisman 
(1964а, 1964) to account for the effects of 
information from an irrelevant source during 
dichotic listening, Treisman's (1964a, 1964b) 
model would imply that stimulus identification 
in these tasks is dependent upon activation of 
one of six interna] representations. These units 
correspond to the six stimulus values. The 
activation threshold of these units varies as a 
function of Various task conditions and S's 


experience, In the contingent tasks, the units 
corresponding to the 


D c values of the primary 
dimension would у 


corresponding to 
dimensions would be 
the two primary units 
for the CC task in Set А у ы 
red and green values. If the "red unit" were 
activated, the threshold {ог 

corresponding to the tilt val 
lowered. If the "green unit" were activated, 
the thresholds for the units Corresponding to 
the size values would be lowered. This notion 
of a sequential facilitation between units has 


the two units 
ues would be 
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been employed by Treisman in her analysis of 
dichotic listening to speech (1964a). of 

Repetition effects—A change in the d 
the primary dimension resulted in longer a 
than did a change in the value of the ras 
secondary dimension. This confirms Sha ited 
(1965) finding that repetition effects for ue 
were of greater magnitude than repeti И 
effects for signals to which the rules were p. 
applied. The present data confirm Sha A 
interpretation, but without the mr 
to which dimension was "primary" and wh 
"secondary." 

The - A in the magnitudes of me 
repetition effects for changes in the vile 
the two types of dimensions cannot be à а 
buted to differences in the kind of ree 
changes that they required. It will be dre 5 
that in the high-compatibility contingent aes, 
a primary value change required a hand aa 
However, since differences in the magnitude ез 
repetition effects for primary value dec. 
versus secondary value changes also occur ry 
in the low-compatibility tasks, where ae 
value changes did not always entail ha a 
changes, then differences in the тера 
changes that were required cannot be ET 
sponsible for the effect. Moreover, in the to 
and FC filtering tasks, which were similar i 
the high-compatibility contingent tasks у: n 
respect to the confounding of primary. pe 
secondary value changes with hand and ПЕ а 
changes, repetition effects of different Шаб 
tudes for the two types of response changes pjs 
not occur. It would thus appear that, ion 
difference in the magnitude of the repeto 
effects for primary and secondary dimens!o |: 
or to use Shaffer's (1965) terminology, for ipe 
and signals, is specific to these function’. 
variables rather than to differences in respo' 
dimensions. ха 

An additional finding was that а prie 
value change eliminated any concommit? in 
repetition effects attributable to changes 
the values of the secondary dimensions. E 
other words, when the primary dimension үч 
contingent task changed value, the e 
in RT which occurred as a result of this D e 
was unaffected by simultaneous changes іп 
values of the secondary dimensions. " 

The repetition effects were largely assoc! d 
with stimulus variables. RTs were lengthe” in 
When an irrelevant dimension changed m о 
the absence of changes in the values of oo 
the other dimensions and, therefore, in 


ated 
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absence of response changes? That these 
repetition effects occurred in the filtering tasks, 
Where the irrelevant dimension was never 
Televant, and, moreover, the magnitudes of 
these repetition effects were associated with 
the discriminability of the irrelevant dimension 
that changed value, adds additional support to 
E Interpretation that at least part of the 

Detition effect must be attributed to vari- 
ables that have their effect prior to response 
selection, 


ed one task that showed hand-change 
"C on effects was the FS task. Unlike the 
of pU FT filtering tasks, changes in the value 
suited primary dimension in the FS task 
When ch in longer RTs than those obtained 
he secondary dimension changed value. 
Ue. ы explanation for this discrepancy is 
emplo а dimension in the FS task was 
Which (hi in a manner similiar to the way in 
Cons the primary dimensions were used in the 
that ae tasks. It was previously mentioned 
coding the FS task, 5 was unable to utilize a 
the E. Scheme for the tilt dimension such that 
Is Tad portion of the diameter would point 
codin appropriate hand. In the FS task, the 
АЫ such that the value of the color 
this v sion could be used to determine whether 
Was Pper or the lower portion of the diameter 
Whee wens to the appropriate finger. Thus, 
оре the color was green, the left hand was 
hd and the lower portion of the diameter 
When У pointed to the appropriate finger. 
тиа color was red, the upper portion 
deem y pointed to the appropriate finger to 
."Ised on the right hand. 
n. finding that repetition effects can be 
о a to stimulus and functional varia- 
Eh КЕЕ Шаа Fesponise variations is not 
Ee pent with Williams’ (1966) and Bertel- 
T (1963) response interpretation of the 
tition effect. As such, the repetition effect 
€ promise of being a relatively sensitive 
Пеле variable with which to study the 
‘ lects of variations of task structure and input 
ariables on information-processing behavior, 


з 
ho the irrelevant dimensions are filtered out, how 
Рова лаш trial-to-trial variations affect RTs? One 
Sion ility is that the values of an irrelevant dimen- 
ог Ws Processed after a res se is initiated. | It aS 
Not u = reason that the term “‘self-terminating was 
ја sed in the introduction to refer to an alternative 
ing арабча processing. Self-termination would 
inf, Y that stimulus processing ceases once sufficient 
ormation is available for a correct response. 
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as was implied by the recent work of 
Schvaneveldt and Chase (1969). 

Locus of effects in the information-processing 
sequence.— The third general problem of this 
experiment was the specification of the locus 
of the use of contingencies in information 
handling. With the exception of the CT task 
in Set B, the low-compatibility conditions 
manifested similar orderings and repetition 
effects to the high-compatibility contingent 
tasks. |f the utilization of the contingencies 
was dependent upon a direct selection of re- 
sponse dimensions, then their utility should 
have been reduced in the low-compatibility 
conditions and consequently the differences 
among the contingent tasks should have been 
decreased. That this did not obtain is evidence 
that these rules were being employed in stages 
prior to that involved in the selection of re- 
sponses. The results of the compatibility 
variable were, therefore, consistent with the 
results of the repetition effect. 

In ruling out response selection and execu- 
tion effects as the locus of the contingent 
processing, caution must be exercised before 
effects are attributed to perceptual processes. 
Given the adjectival order and coding effects, 
and the independence in the error data of 
dimension discriminability and error type. it 
is quite likely that the contingencies were not 
affecting stimulus preprocessing or an initial 
read-in stage but, instead, were involved та 
more central stage. While а number of 
paradigms are now available for the specifica- 
tion of effects at preprocessing or response 
selection stages (Sternberg, 1969), the middle 
ground is still relatively unexplored. It has 
been 14 yr. since Broadbent (1958) proposed 
his information-flow model and the difficulty 
still remains of conceptualizing the functions 
of the channel, although how information gets 
selected for it has come under intense investiga- 
tion (Treisman, 1969). In fact, it is still not 
clear to what degree the channel should be 
conceptualized in terms of (a) a set of general 
stages (or transformations) whose mode of 
operation (but not duration) is relatively inde- 
pendent of the to-be-processed information 
and, (b) a set of events specific to the to-be- 
processed information. 
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OBSERVING RESPONSES AND DECISION PROCESSES 


IN VIGILANCE! 


MICHAEL J. GURALNICK? 
National Children’s Center, Washington, D.C. 


Vigilance performance was investigated within the framework of a two-stage 
model. A direct measure of the first phase, the observing response (OR) stage, 
was obtained by requiring Ss to key press to produce the stimulus display 
containing either a signal or noise. The second phase, the detection-decision 
stage, was analyzed using both conventional measures and those derived from 
the theory of signal detection (TSD). Specifically, the effects of time, signal 
difficulty, and payoffs were investigated. Results indicated that the frequency 
of ORs increased with time, while vigilance performance decreased. It was 
suggested that simple frequency of ORs is under the control of variables 
different from those controlling the decrement function. Reliable estimates of 
TSD parameters were obtained for the difficult signal condition and were 
discussed in relation to the OR stage. Payoffs had no effect. 


bn à recent review, Swets and Kristof- 
EL 970) have suggested that vigilance 
e ii placed more within the context 
bes hophysical experiments, especially 
E done derived from the theory of 
st. ё ан minis (TSD) are of major inter- 
TSD į Sychophysical analysis within the 
T ramework has revealed that one can 
n, estimates of two independent pa- 
аи S's sensory acuity (d^) and S's 
ngness to report a signal (his criterion, 
fae n & Swets, 1966). Psychophysical 
and e ures are, of course, highly structured 
С ера designed to maximize S's 
„Зегуайоп of the display on every trial. 
Eo tasks, on the other hand, are 
о чад characterized, among other things, 
Ma B lack of an explicitly defined corre- 
а) dence between S’s observing behavior 
the occurrence of stimulus events. In 

Act, it is this latter relationship that is 
Most often under investigation in vigilance 


tasks (Jerison, 1970). 


ать; 
bo his study was supported by Grant M H18873-01 
nit ithe National Institute of Mental Health, 
wishe States Public Health Service. The author 
Шо, to thank David Weisman for assistance in 
md collection and J. Michael W sh for help 
о a rob phases of this project. Thanks also 
оте У: lays, who wrote the computer program for 
Чеге: tha data analy: This research was con- 
iR while the author was at American University. 
Guers for reprints should be sent to Michael 
" uralnick, National Children's Center, 6200 
cond Street, N. W., Washington, D. C. 20011. 


Se 


A two-stage model of vigilance behavior 
proposed by Jerison and Pickett (1963), if 
directly applied, most closely approximates 
a psychophysical procedure. Тће first 
stage consists of S's decision of whether or 
not to observe the display and is a function 
of the costs and values associated with the 
response outcomes, as well as the a priori 
probability of signal occurrence. If, as ina 
psychophysical task, an observing response 
(OR) occurs, then the second stage, the 
analysis of the sensory information or de- 
tection-decision phase, is presumed to fol- 
low. Although Jerison (1970) further indi- 
cates that a TSD analysis is appropriate 
for the second stage, he has continued to 
elaborate upon and emphasize the impor- 
tance of the observing response stage 
(Jerison, 1970; Jerison, Pickett, & Stenson, 
1965). Holland (1958) has also suggested 
that vigilance data can be most readily 
understood in terms of observing responses 
in that the probability of detecting a signal 
depends on the rate of emission of ORs. 
To study the frequency of observing re- 
sponses, Holland devised a technique which 
requires Ss to make an overt ОК, generally 
a key press, in order to briefly illuminate a 
display, thereby permitting Ss to determine 
whether a signal is present. Holland found 
that ORs, i.e., key presses OF eye move- 
ments (Schroeder & Holland, 1968), are 
reinforced by the detection of suprathresh- 
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old signals, even in the absence of any 
other extrinsic reinforcement. 

The present experiment was designed to 
study vigilance performance within the 
framework of the two-stage model. Spe- 
cifically, by employing a variation of 
Holland's technique, OR rate and detec- 
tion-decision responses (for both conven- 
tional measures such as hits and false 
alarms and the TSD indexes d' and B) were 
investigated as a function of time, signal 
difficulty, and payoffs. Below-"'threshold" 
and highly discriminable signals were pre- 
sented to determine whether uncertainty 
аз to the existence of a signal (given an OR) 
and the occurrence of false alarms (FAs) 
affect the distribution of ORs over time. 
То facilitate this evaluation, the occurrence 
of false alarms was made more likely by 
including a payoff matrix which increased 
the value of a hit and the cost of a miss. 
In addition, with respect to the payoff 
factor, the role of extrinsic reinforcement 
provided in the form of points associated 
with a financial reward for the possible 
response outcomes was investigated. Re- 
search involving this variable has produced 
ambiguous results for conventional mea- 
sures (Weiner, 1969). With regard to TSD 
indexes, Davenport (1968, 1969) in both 
auditory and vibrotactile tasks, and Levine 
(1966) in an auditory task, found d’ to be 
variant with time and costs for misses 
and false alarms, These experiments also 
indicated that g was higher for high costs 
than for low costs and increased with time 


on task, whereas positive values associated 
with hits had no effect. 


METHOD 


Subjects.— Twelve Students, obtained from an in- 
troductory psychology Pool served as Ss. Each 
was paid $2.50/hr for participation, An additional 
incentive of $25.00 was paid to that S who achieved 
the highest point total. É 

Apparatus.—The stimuli 


со! 
slides of two vertical line. 


sisted of 35-min. 


5 projected (Lafayette 

Model, KT-800) on a rear Projection screen from 

an adjacent control room to the § room. Nonsignal 
" 


or "noise" stimuli were defined as two vertical lir 
identical in height. A signal stimulus wai 
which the upper segment of the right-hand member 
of the pair of lines was slightly longer than the left- 
hand member. For S to determine whether a trial 


5 one in 
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contained a signal or noise, he needed only make а 
air comparison on that trial. r ^ 
И“ S was comfortably seated approximately 
1.2 m. from the screen in a normally A. 
room. Ап easily grasped hand switch ui 
in his left hand. Depression of this switch (О ids 
briefly illuminated the display. Response PUR pe 
marked “уез” (indicating he believed a signa БЕГ 
present) and "no" (indicating no signal Р БАП 
were located on the extended right arm of the natal 
White noise presented via a speaker (approximate 
75 db.) from a Grason-Stadler (Model 9018) Wi E 
noise generator was used to mask extraneous а. AE 
All events were automatically controlled у ES 
appropriate electromechanical programming E 
recording apparatus located in the adjacent co 
room. EX. 
Procedure.—Each S was scheduled for 10 ШУЛ; 
(only 1 session per day), with each session ас at 
60 min. Care was taken to schedule each Pilot 
approximately the same time each day. sellos 
investigations using the Yes-No (Y-N) реу Дей 
physical procedure (Green & Swets, 1966) Pr ТЫЙТ 
the basis for the selection of two classes of d А; 
(а) An "easy" signal yielded 99.75% hits anally 
more than .2% false alarms, In practice, van ader 
all Ss achieved 100% hits and 0% false alarms ш 
th alerted conditions for the easy signal. 
“difficult” signal was defined as any combina E 
hits and false alarms that generated а d' value Гё 


tion of 


ts 
of 1.5- In all sessions, the sequence of AD 
required to first depress the hand switch, ‘nsec: 
after a 1 < then 
exposure of the stimulus event. y-? 
required to press either the Yes or No key. А R key 
response was required on every trial and the о 1 
re 


р P К г red. 
ned inoperative until the response осе јс" 
"he first two sessions were devoted to ins 


" " 1 Н /- sy 
tions, training, and practice within the Y N liar 
chophysical procedure. After S became fa 


antsy 
with the task requirements, the sequence of alee 
and the slide stimuli, he was informed of the Pie 
sible outcomes of his behavior as related D an 
occurrence of a signal or noise event, including ic 
explanation of hits, misses, false alarms, and co pre 
rejections. This was accomplished by first P 
senting a card consisting of the four-celled, am 
response matrix and then relating the ma feed- 
Ss’ actual performance. Appropriately labele © Ss 
back lights provided both information as ponse 
accuracy as well as demonstrating the resP° о 
outcome possibilities. When this was clean to 
payoff matrix was introduced. The Ss WE 
that we had found it worthwhile in the pa 
provide points for each correct response an 
subtract points for each incorrect response eu wi 
à bonus of $25.00 would be given to the Ber aid 
the highest point total obtained over the e [t 
sessions. Two payoff matrices were describes or 2 
first was balanced, providing one point for =. point 
hit or correct rejection and subtracting one P 
for either a miss or a false alarm [1, 1, Sis for & 
The second payoff matrix provided 10 DET sub- 
hit and 1 point for a correct rejection а 


Scans 


tha 
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tracted 10 points for a miss and 1 point for a false 
alarm [10, 1, —10, —1] The Ss were given 
е for all four combinations of payoff matrix 
nd signal difficulty using the Y-N psychophysical 
кш Immediate feedback as to Ss’ accuracy 
ds onde and, although 55 could rest as often 
De загу since they initiated each trial by de- 
acheduted OR key, frequent rest periods were 
ои y Е. Signals were programmed to occur 
this inf y on 50% of the trials. The Ss were given 
m ormation along with information regarding 
прахов matrix currently in effect. 
bos remaining eight sessions were vigilance ses- 
EP. үрле (uf two consecutive sessions each 
ато combinations of payoff matrix and signal 
with d Y. The order of conditions was random 
E Fi restriction that each conditio: appeared 
CE number of times at each position in the 
Evang be The Ss were permitted to pre 
ав m often as they wanted and told to try to detect 
hey nol signals as possible, thereby earning as 
E Points as possible. Of course, no feedback or 
eduled rest periods were provided during these 
“Min. vigilance sessions, although Ss were aware 
Me ДАЛ payoff matrix and signal level in 
Were s Pr that session. Prior to each session, Ss 
bes formed of total points earned in the previous 
and given a brief practice period. 

2 ni Vigilance session was divided into three 
Баат: ваја for programming and analysis 


time Ы Теп signals occurred within each 20-min. 
hola” poe The signal was available ona limited 
in the ог 5 sec. Апу OR during that time resulted 
he enon ofa signal as well as terminating 
Urin ted hold. If the signal was not observed 
запар ae 5-вес. period, it was replaced by a non- 
selectins ide. The signal schedule was obta ned by 
o еы randomly from a rectangular distribution 
interi signal intervals, with the restriction that no 
the ona interval be more than 240 sec. (twice 
Schedule ^ interval) or less than 20 sec. This 
Session € was repeated three times throughout the 
each Я Only the data from the second session of 
Used ао merri signal level combination was 
r analys 


RESULTS 


Percent hit data were arc sine trans- 
Пи and an analysis of variance carried 
mis оп the transformed scores. Hits, 
ы false alarms, and correct rejections 
Уе: calculated only for those occasions 
also lins OR occurred. A miss could 
ари by simply not making an OR 
Nas Р 5 sec.; however, this information 

reated separately. 
so i aene hits decreased significantly 
he three time blocks, F (2, 22) = 
1.26, p < .005, as illustrated in Fig. 1. 
he effect of signal difficulty was also 
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100— 
EASY A———A (1,1,-1,-1) 
35 


А- —— А (10,1, -10, -1) 


DIFFICULT. 
e——9 ( 1,1,-1,-1) 


@ —-@ (10,1, -10,-1) 


MEAN PERCENT HITS 


t | | | 
BLOCKS OF TIME 


Mean percentage of hits for each condition 


Fic, 1. 
as a function of time. 


significant, F (1, 11) = 81.71, р < .001; 
however, neither the interactions nor the 
effects of the payoff variable reached 
significance. 

For the Difficult Signal condition only, 
an analysis of variance was applied to the 
arc sine transformed percent false-alarm 
data. A significant decrease in the percent 
false alarms as a function of time was ob- 
tained, F (2, 22) = 3.53, p « .05, but no 
other effects were significant. For the 
Easy Signal condition, percent false-alarm 
data were analyzed using nonparametric 
tests (Siegel, 1956), since these data were 
markedly skewed. A Friedman two-way 
analysis of variance was carried out sepa- 
rately for each of the payoff conditions to 
assess the effects of time. Neither the 
[1, 1, —1, —1] nor the [10, 1, —10, —1] 
matrix produced a significant effect. А 
comparison between the two payoff con- 
ditions was also not significant (Wilcoxon 
test, p > .05). Finally, the percent false 
alarms for each S was much higher in the 
Difficult Signal condition than in the Easy 
Signal condition, with no overlap between 
the distributions. 


The frequency of observing responses in- 


ко 
E 
[S 
# 


4— ——A (1,7571) 
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520r— Easy 


$— 9 Unis i) 


DIFFICULT 
9--—--9 (10,1,-10-1) 


MEAN NUMBER OF OBSERVING RESPONSES 


25 
Er 
BLOCKS OF TIME 


Fic, 2. Mean number of observing responses for 
each condition as a function of time. 


creased significantly over time, F (2, 22) 
= 7.32, р < .005 (see Fig. 2), and a sub- 
stantially larger OR rate resulted during 
the Easy Signal conditions than during the 
Difficult Signal conditions, F (1, 11) = 
13.49, р < 1005, The payoff variable again 
had no effect and none of the interactions 
approached significance, 

The TSD measures, d' 
were obtained from each 
hit and false-alarm data 
of the three time blocks using Freeman's 
(1964) tables, However, TSD measures 
were derived for the Difficult Sign 
ditions only, for two reasons. 
generally low rate of FA 
the Easy Signal conditio: 


and 8 (see Table 1) 
condition from the 
Гог each 5 for each 


al con- 
First, the 
8 that occurred in 
n does not permit 


Table 1 


MEAN ТНЕОКУ or SIGNAL DETECTION (TSD) 
MEASURES AS A FUNCTION OF PAYOFF 
MATRIX AND TIME ох Task 


Blocks of time 
Payoff matrix 


1 a 3 
—1,—1): 
(t, 2.11 1.77 1.75 
log 8 3731 4521 5784 
1, дна 
Mod. vil 2.06 1.61 1.59 
log 8 .2548 .3903 5819 
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reliable estimates of the detection po 
parameters (Swets & Kristofferson, i 
Second, a straightforward ume “а 
the TSD model to data including е о 
quentoccurrence of either 100% а тера 
0% FAs (as occurred in the wo sd 
conditions in this experiment) n am 
objected to on both "ерген иша он 
pirical grounds (Jerison, der In 
1965; Swets & Kristofferson, 197 m. 
the few instances in which this did inis 
in the Difficult Signal condition, ev E. 
polation procedure following Loe 
Binford (1968) was employed. Рр 
An analysis of variance iai (2 
decreased significantly over time, aciable 
= 3.64, p < .05, with no other ps. 
or interaction significant. A бааа 
sis carried out on the log 8 values in Е на. 
а significant increase in those aen with 
time, F (2, 22) = 7.76, р < .005, als cade 
no other variables or interactions appro? 
ing significance. Е: 
“the OR rates, even under the D 
Signal conditions, were и cr 
that most signals were observed more 
the 5-sec. limited hold. Although. ЖО, 
signals tended to be missed in the Di quite 
Signal condition, the difference was 
small. 


hat d' 
,22) 


DISCUSSION 


s in 
The frequency of observing geppons i - 
creased with time, whereas Vigilance l con 
mance decreased. For the Easy war pro- 
dition, this latter fact is reflected by functio” 
gressive reduction in percent hits as 01 те 
of time (vigilance decrement), 2 dies. [8 
ported by a majority of such E 1970): 
Jerison & Pickett, 1963; Mackwor ef око 
With respect to the increased pu. 
Using a variation of Holland's tec presses 
Which ORs were defined as button Jure 
illuminate neon bulbs and the € 
bulb to light constituting a signal, f 
(1963) found that the number | (1958), а 
creased with time, as did Holland vho rare 
least for those Ss in Holland's study У jn the 
missed a signal. 


In addition, most $$ а, to 
Present study often observed te failed 
measured by key depressions, | һауе fies 
report its existence. Similar resu d in $ n 
reported by Broadbent and foun ure (B2 
using eye fixations as the OR meas 


— 
pn————————À 
EE = 
—————— 


OBSERVING RESPONSES AND DECISION PROCESSES IN VIGILANCE 


SaD; Mackworth, Kaplan, & Metlay, 1964; 
сеа Holland, 1968). Furthermore, as 
JOA a in Fig. 1, this tendency increased 
and Se] e, an effect also noted by Broadbent 
N chroeder and Holland. 
К Sie research discussed above employed 
Een es ily detectable by ап alert O. The 
clude им d has extended this work to in- 
Ела] icult signals, thereby permitting ad- 
i ater using. TSD indexes. For the 
its "reda епа! conditions, the percentage of 
d the Ten with time at a rate very similar 
this redi asy Signal conditions. However, 
is ER iction in hits was not totally due 
; act that Ss increased their criterion, B, 


Since ү i 
„аи Sensitivity parameter, d', also de- 
The OR rate 


or t т " аы А r 
igs in Easy Signal condition, primarily due 
d increased decision time required by Ss 


uri х 
The е Difficult Signal sessions. . 
terms cr Bn of this study was formulated in 
havior dou eet model of vigilance be- 
укш earlier. Jerison has further 
that the: енна, 1970; Jerison et al., 1965) 
east d bserving stage can be classified into 
ert, (b) B types of observing behavior: (a) 
hat vigil olurred, and (c) nonobservation, and 
Mainly суя data, including TSD measures, 
Spends т ect different proportions of time 5 
modes Observing in each of these response 
Study 5 Che technique employed in this 
to ie rovided direct information with regard 
уана у of ax D or nonoccurrence (nonob- 
SSY DE LE an OR. In addition, given that 
| бо GSS produces some mode of observing, 
ShBarent in d' as the session progresses 
lon of i reflects an increase in the propor- 
erison QN as opposed to alert observing 
Or the bag 1965). In any event, at least 
that th 1 пси Signal condition, it is assumed 
tivity a d' parameter reliably reflects sensi- 
erving Baa whether due to different ob- 
ore, тын or to other processes. Further- 
The е, changes сап be identified. 
Bases or an observable and independent 
Suggest th ORs here has provided data that 
Currence joy in this situation, the simple oc- 
Ae control aie rh euge of an OR is under 
Controlling d variables different from those 
two measur he decrement function, since these 
Of the forn es were unrelated. The similarity 
all estditlon oF the OR curves over time for 
is not T suggests that the OR function 
difficulty E to the level of signal 
а feedback f ith associated properties such as 
ack function for easy signals not totally 


al 
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shared by difficult signals), the percentage of 
false alarms, or other characteristics intrinsic 
to the signal detection situation. Rather, 
factors such as the overall payoff may deter- 
mine the distribution of ORs over time. How- 
ever, when signal detections are the only 
specified goal, as in tasks such as Holland 
employs (Holland, 1958; Schroeder & Holland, 
1968), signal detections may indeed serve as 
reinforcers for ORs and control their frequency 
of occurrence. 

The Easy Signal condition yielded an ex- 
tremely low rate of false alarms with many 
Ss not producing any at all. The closeness to 
the lower limit of 0% may have prevented the 
normally obtained result in vigilance studies, 
a decrease in false alarms as а function of 
time, from occurring. In the Difficult Signal 
condition, however, as usual, the percentage 
of FAs decreased and the criterion 8 increased 
as a function of time. The general explanation 
for these changes is that Ss have rather high 
ations initially regarding signal proba- 


expect; 
bility and adjust their criterion appropriately 
as the session progresses (Colquhoun & 


Baddeley, 1964; Williges, 1969). The fact 
that the OR rate increased over time in this 
experiment suggests an additional possibility. 
As a consequence of the increased OR rate, 
Ss in this experiment were experiencing in- 
creasing numbers of nonsignal trials, which 
effectively reduced the a priori probability of 
This situation generally 
s response criterion 


signal occurrence. 
produces an increase in 5” 
(Baddeley & Colquhoun, 1969). 

It was anticipated that by 
value of a hit and the cost of a miss, a lower 
B value would result, if 5s were attempting to 
maximize the expected value of their point 
total (Green, 1960). Although the trend was 
in the right direction, especially for the first 
two time periods, a statistically reliable effect 
was not obtained. In fact, the payoff variable 
did not have a detectable effect on any of the 
dependent variables. Perhaps applying costs 
directly to false alarms or increasing the 
amounts of differential costs and values will 
affect, not only TSD parameters, but the ob- 
serving response stage as well. 


increasing the 
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ATTENTION DEMANDS OF MEMORY RETRIEVAL! 


VEN W. KEEI 


University of Oregon 


Typically many stimuli impinge on a person at one time. When the processing 
of one stimulus interferes with processing another, the processing is said to 
take attention. Such processing can be conceived as falling into two general 
subdivisions: (a) Sensory stimulation activates (retrieves) information stored 
in memory; (6) based upon the activated memory information, some operation, 
such as initiating a response, is performed. To determine whether the retrieval 
ige demands attention, two sources of information, form and color, were 
simultaneously presented. Only color was relevant to the key-pressing re- 
sponse. When the irrelevant form spelled a word, such as GLASS, no inter- 
ference with processing the relevant color was found. Yet it was concluded 
that the irrelevant information had contacted memory because when the 
word meaning was changed, such as to GREEN, the time to respond to the color 
of ink increased. А discrimination of meaning depends on information stored 
in memory. The evidence supports the view that memory retrieval is a non- 
attentive process; more than one source of information can contact memory 


ata time. 


ie ge are limited in processing the many 
Gen li that they encounter. This limita- 
stimul particularly noticeable when two 
a 1, each requiring a different response, 
арп at about the same time. Опе re- 
ih an usually delayed, indicating that 
| signals cannot be handled at once 
аа 1967). When performing опе task 
bass eres with performing another, the 
E S are said to require attention. One 
| pect of understanding attention, there- 
N is to identify the processes that inter- 
ste when performing two tasks (Posner 
& Keele, 1970). 
EST lost tasks can be conceptualized as in- 
S ia. two subprocesses: (a) retrieval of 
“Ormation from memory and (b) opera- 
ie performed upon the retrieved infor- 
ation. A signal may elicit the retrieval 
“hee appropriate response, the name of 
M Signal, or some other meaning. The 
*trieved information then may be operated 
"pon by initiating a response, storing the 
formation, combining it with other infor- 
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mation (Keele, 1970), mental counting 
(Schvaneveldt & Staudenmayer, 1970), or 
some other operation. The limitation in 
processing information could occur at 
either or both of the two stages, memory 
retrieval or operations. The present study 
used an interference technique to deter- 
mine the source of limitation. 

Morgan and Alluisi (1967), Well (1971), 
and others found that at least under certain 
circumstances, irrelevant signals, which re- 
quire no response, cause no increase in the 
time to respond to relevant signals re- 
quiring action. If it can be shown that 
the irrelevant information must have con- 
tacted memory even though it did not 
interfere with processing the relevant infor- 
mation, then it can be inferred that process- 
ing limitations are subsequent to memory 
retrieval. 

One indication that irrelevant informa- 
tion contacts memory is the well-known 
Stroop effect (Jensen & Rohwer, 1966). 
Тће reaction time (RT) to name a color 
increases when the color prints out an 
irrelevant color word (e.g. the word 
GREEN printed in red ink; the correct re- 
sponse is red). One interpretation of the 
Stroop effect is that it is not during the 
memory retrieval stage that interference 
occurs. Rather, as a result of simultaneous 
memory retrievals, the two sources of in- 
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formation, color and form, lead to conflict- 
ing responses. However, to be sure that it 
is not the retrieval stage per se that results 
in the Stroop effect, it needs to be demon- 
strated that irrelevant, moncolor words 
cause no interference. A discrimination of 
meaning cannot be made prior to memory 
contact. 

An earlier study by Klein (1964) looked 
at verbal RTs to colors of ink with both 
irrelevant color words and noncolor words. 
А control condition used colored asterisks. 
When compared to the control, even the 
noncolor words lengthened RT to name 
the colors of ink. It can be argued, how- 
ever, that the name of the noncolor word 
was retrieved at the same time as the name 
of the ink color, but the result led to con- 
flicting verbal responses. The S was faced 
with selecting which of the two competing 
responses to elicit. 'This was essentially 
Klein's interpretation. 

The current experiment attempted to 
eliminate response conflict caused by non- 
color words by using key presses rather 
than verbal responses. Different colors of 
ink were assigned to different keys. It 
Was expected that irrelevant color words 
would lead to conflicting key presses but 
other words Would not, since other words 
Would not tend to evoke any particular 
key press, 

METHOD 


Subjects.—Tw. 


elve students from the University 
of Oregon стр! 


loyment service performed in two 


Sessions. They were paid $1.50 per session, 
„Materials and brocedure.—Each $ was shown five 
different types of stimuli in four different colors: 
GIBSON onus SESON FORME 
Dal AAA 
tDI tig AAAAA 
ld EER AAAAAA 
СЕЈ: ANNA 
TIG, 


Strings of forms used in the Mixed Gibson 
Form and Pure Gibson Form conditions. (The 
lengths of the strings match the length of the words 
red, green, yellow, and blue.) 


STEVEN W. KEELE 


TABLE 1 
MEAN RT (IN MSEC.) AND PROPORTION ERRORS 


Pure iral NA... 

Measure | Sibson | бш | ^ed | caer | Gets 

sesure| Колда | “Gibson: | „ШЕШ | ср 
(control) | Forms letters 

RT 554 553 560 559 o 604 6 

Errors .08 .09 40 А 


ite 
red, green, blue, and yellow-orange on а ki 
background. When a stimulus was presen um д 
classified it on the basis of color by ше ап 
four response keys operated by the mid Ж о 
index fingers of the two hands. The five рок, 
stimuli were: (а) color words—RED, GREEN, YE ees 
and BLUE; (b) noncolor words—RAT, GLASS, X words. 
and BIRD; (c) scrambled letters from the Ше Vetter’ 
—RDE, GNERE, YWOLEL, and BELU; (d) mixe h with 
like forms (Gibson forms) matched in Төл зоп 
the color words (See Fig. 1); and (e) pure color 
forms again matched for length with the four c 
words (See Fig. 1). This latter condition eor m о 
of strings of forms that did not vary. The joa 
the stimuli was irrelevant with correct classifica The 
being determined solely by the color of ink. there 
fifth condition served as a control in which nstant 
were no irrelevant, varying forms. A cor ed in 
letterlike form instead of color patches was e the 
the control so the salience of the colors woul ; of the 
same as in the other conditions. The lengths 5 
strings were also matched with the color wor! 
further control salience. d 

The stimuli were tachistoscopically presente" yom 
at a time in a mixed order (determined by a fel were 
number table), and each of the five conditions Y p 
presented 36 times in each of the two засе sec 
S. Each stimulus presentation lasted for color 
The latency of the key press classifying the arest 
of cach presentation was measured to the "pons. 
millisecond and reported to 5 after cach TAN 6190 
Approximately 8 sec. intervened between succe 
stimuli. 


one 


RESULTS AND DISCUSSION it 
Тће mean correct RTs and propor. 
of errors for the five conditions of ac А 
information are presented in Tab У dal 
Тће only condition showing a substan or- 
RT difference from the control is the pet 
word condition. An analysis of Mer 
performed on the RTs of all five ene con- 
was significant at the .001 level o ient 
fidence, F (4, 44) = 9.04. A виһве е 
analysis of RTs excluding the e 
word condition was not significant 
(3, 33) — .347. 


h 
оце 
Тһе results suggest that even th 


| 
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MEMORY RETRIEVAL AS A NONATTENTIVE PROCESS 


ee words did not interfere with re- 
E to the color of ink, those irrelevant 
EN sud ust bayo contacted memory simul- 
M on E: sum processing the color. The 
o AM зари! that the noncolor words 
interfere Tar is that color words did 
Meanings ? но a discrimination of word 
memory ES d occur only at the level of 
imitation i тиз, it is concluded that the 
i Eur M ee multiple sources of 
Stage b n is not in the memory retrieval 
out subsequent to that stage. 
od of other studies support this 
attentive. that memory retrieval is non- 
(1969) an Egeth, Blecker, & Kamlet 
Whether pem people to determine 
ent and ү colors were the same or differ- 
SAME or ound that the irrelevant words 
ent jud Di F interfered with a same-differ- 
Not, са of colors but other words did 
Present heir results are very Similar. to the 
in the bant the studies differ primarily 
(1970) тч ications that аге drawn. Lewis 
Sages in has also shown that ignored mes- 
Ynonym, shadowing task contact memory. 
ге Wi of words being shadowed inter- 
Synony h the shadowing process when the 
The € appears in the ignored message. 
et "а esent study, along with the Egeth 
1 E Lewis studies, indicates that 
Vithout Bess ene ih contacts memory 
relevant 1 AS the processing of the 
elevant: ormation. It is only when the 
response a i ua e leads toa conflicting 
hee hat interference arises. 

input wi rein involving more than one 
Similar zh none of it irrelevant lead to a 
Morton conclusion. Hawkins (1969). and 
two a (1969) both found that combining 
a Singl more sources of information into 
Crease ir response again produced no in- 
Just She processing time over а case with 
lad 55 ia of information. Hawkins 
Varying E etermine whether two stimuli 
Were the ts one, two, or three dimensions 
either he or not. A single response, 
Sardless oF or different, was required re- 
The time t the number of dimensions. 
Пепе make the response when three 
than the Eh relevant was no longer 
itions, I est of the one-dimension con- 
n Morton's study, Ss sorted 
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cards into six piles. When each card con- 
tained two cues which were redundant and 
indicated the same sorting response, sorting 
time was faster than when only one cue was 
present. However, when two signals each 
lead to more than one response at a time 
(Karlin & Kestenbaum, 1968; Keele, 1970; 
and Schvaneveldt, 1969), interference does 
occur. The implication is that the require- 
ment to make more than one response and 
not the requirement to process more than 
one signal is responsible for interference. 
Finally, when two successive letters are 
matched as being the same or different, no 
delay in RT occurs to a probe tone inserted 
shortly after the first of the letters (Posner 
& Boies, 1971). The lack of interference 
with the probe occurs even though the 
first letter is contacting memory at the 
time the probe occurs. Substantial inter- 
ference with the probe RT occurs, however, 
once the second letter is presented and S 
initiates a response. 

To summarize, information presented to 
the senses activates information stored in 
memory. Once memory information has 
been retrieved, various mental operations 
including initiation of a re- 


are possible, 
is consistent 


sponse. The present study 
with a number of others in suggesting that 
memory retrieval is not attention demand- 
ing; two or more sources of sensory infor- 
mation can activate information stored in 
memory simultaneously and without inter- 
ference. Subsequent processes of selecting 
and operating on the activated memory in- 
formation do appear to be attention de- 
manding. If two operations are to be 
performed, such as two responses initiated, 
one or both responses are delayed. The 
only exceptions seem to be when there is 
no event and time uncertainty 80 that the 
responses can be emitted as a unit 
(Reynolds, 1966) and when there are ex- 
treme amounts of practice (Seibel, 1963). 
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ITEM ARRANGEMENT EFFECTS ON TRANSFER AND SERIAL 
POSITION ERRORS IN PART-WHOLE LEARNING OF 
DIFFERENT MATERIALS? 


ALLAN L. FINGERET axp W. J. BROGDEN? 


University of Wisconsin, Madison 


Two lists (cight, two-digit numbers and eight CVC nouns) were learned in the 
part phase by alternate (AL) or successive (SUC) practice. Part-list items 
were interleaved for the double-alternation (РА) or the quadruple-alternation 


(QA) combi 
whole practice. 


QA lists for which all items were different from those in the part phase. 


ation list practiced in the combination phase or throughout 
Control Ss for nonspecific transfer (NS) practiced DA and 


Posi- 


tive transfer from part to combination phase was greater for specific than for 


NS transfer conditions. 


Form of serial position curve reflected the DA and 


QA patterns to a greater extent for specific transfer conditions than for NS 


ог WH (whole-practice) conditions. 
to be superior to WH practice. 


Specific transfer part practice tended 
There were no significant differences between 


AL and SUC; but in part practice, the list of nouns was acquired more rapidly 


than the list of numbers. 


Кы learning has usually been 
fon f in terms of the efficiency of acquisi- 
combine „а part-practice phase plus a 
а wl aon- па phase versus that for 
whol e ¢-practice condition. Since the 
tion i ви vi condition and the combina- 
i - лаве of part learning must occur under 
о ед conditions, a direct comparison 
Pb. efficiency of acquisition provides a 
Mes of the transfer effect of prior part 
combin, upon subsequent learning in the 
ee aei phase. In most studies. of 
Were pos serial learning, the part lists 
into entified and acquired in a sequence 
^ ЊЕ the part phase that was identical 
combi, sequence by which the parts were 
Some ned to make the whole list. Although 
а, atematic rela between the 
make list and its parts is necessary to 
Proce part-whole learning à meaningful 
“шер relations other than ordinal se- 
combi. of fractions between part- and 
апыр oe eee phases may affect the 
and m part to combination [шин 
рагї ro laps alter the relative efficiency © 
€rsus whole acquisition. 
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In their study of part-whole learning, 
Fingeret and Brogden (1970) used two part 
lists, one of two-digit numbers and the 
other of CVC nouns. Use of two such lists 
provides the opportunity for construction of 
the combination or whole list by some 
systematic but unusual arrangements of the 
items of the part lists. If the two lists are 
interleaved to construct the combination 
list, that is, the first two items are the first 
two numbers (or nouns), the third and 
fourth items are the first two nouns (or 
numbers), the fifth and sixth items are the 
third апа fourth numbers (or nouns), and 
so on, the arrangement of part-list items 
provides a pattern of double alternation 
(DA). If the two lists are interleaved by 
blocks of four items, that is, the first four 
items are the first four numbers (or nouns), 
the second four items are the first four 
nouns (or numbers), and so on, the com- 
bination list represents а quadruple alterna- 
tion (QA) of the items of the two part 
lists. Of these two arrangements, transfer 
should be greater for QA than for DA 
because of the greater preservation of 
sequential item association in the ОА 
combination list. The basic control group 
for measuring transfer from the part to the 
combination phases would be the whole 


learning of the DA and QA pattern. The 


arrangement of items of the two different 
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kinds of materials in DA and QA, however, 
may affect transfer from the part to the 
combination phase independently of the 
identity of the items. The possibility of 
nonspecific transfer requires control groups 
for which the noun and number items in 
the part phase are completely different 
from the items in the DA and QA combina- 
tion lists. 

Fingeret and Brogden (1970) found 
alternate trial practice of two lists (AL) to 
be superior to their successive practice 
(SUC) with mixed materials (one list of 
two-digit numbers and one of CVC nouns), 
but a reversed superiority when both lists 
were numbers or nouns. This result was 
interpreted to be due to the greater 
difficulty of learning two lists of numbers or 
nouns than of learning one list of numbers 
and one list of nouns. The arrangement of 
items from the part lists (one of numbers 
and one of nouns) in the DA and QA 
combination lists should increase the diffi- 
culty of acquisition in the combination 
phase over that for the combination lists 
used by Fingeret and Brogden for which 
the part lists of nouns and numbers were 
the first or second halves. Increasing the 
difficulty of the combination phase may 
alter the difficulty of AL and SUC part 
practice relative to each other and to 
whole practice. 
In considering the relative efficiency of 
part versus whole practice for the DA and 
QA arrangements of items, it is dubious 
whether part learning will be superior to 
whole learning. Recent studies of part- 
whole serial learning by Postman and 
Goggin (1964), Goggin and Stokes (1969), 
Gladis and Abbey (1969), and Fingeret 
and Brogden (1970) haye universally found 
part-practice procedures to þe superior to 
whole-practice procedures, For all of these 
studies, however, the integrity of the part 
lists was maintained in making the com- 
bination or whole list. It тау be hy. 
pothesized, therefore, that decreasing the 
identity of arrangement between items in 
the part-combination lists, would decrease 
the greater efficiency of part over whole 
practice. у 

Тће DA and QA arrangements of items 
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from the two part lists may be hypothesized 
to affect the form of the serial. рани 
error curve for the combination list by at 
abrupt change in magnitude of error \ 
serial positions involved in the gheni be 
kind of material. The change coul the 
either an increase or decrease WW. 
last item of a DA or QA series and the flect 
item of the next DA or QA. Suchan кє. 
should be general and apply to all Mr 
tions of learning the combination or e 
lists. With the specific transfer conditi the 
associative learning between items in the 
doublets and quadruplicates during die 
part phase may accentuate or alter on 
general affect hypothesized for pattern a 
the serial position curve. The experi” the 
to be reported was designed to test 
above hypotheses. 


METHOD 


. с- 

Subjects.—The 160 Ss were in classes јан: 
tory psychology for which participation 1n iene 
ments was a course requirement. They were ass ne 
randomly in order of their appearance to bri 
treatments of the experiment (и =16 per g" 
АП Ss were tested by a single E. actice 

Design.—There were three conditions of Pai Й 
for each of two conditions of organization of ma тод», 

he conditions of practice were two part met гћоје 
alternate (AL) and successive (SUC), and the ber 
(WH) method. Each part method involved lear à ol 
two, eight-item lists, one of CVC nouns and on one 
two-digit numbers, each to a criterion of ties 
errorless trial. With AL, the two lists were praes 
on alternate trials until each was learned. With 9 the 
one list was Practiced on successive trials to Ба: 
criterial trial and then the other list was ње. 
The 16-item list of ' 


| Р the combination phase WH 
identical for both of the part methods and the ble 
method for e. 


ach of the two organizations, dou 
alternation (DA) and quadruple organization ( les 
This list was practiced to a criterion of one сло. іп 
trial after completion of the part phase by a ut 
the AL and SUC conditions, and throug n 
practice by Ss in the WH condition. The PHA 
mental groups were designated as follows: AL- H- 
AL-QA, SUC-DA, SUC-QA, WH-DA, and W je 
QA. There were four control groups for NS, che 
for each part пи ; to 
combination lists Гог these groups were identical di 
those for the experimental groups, but the items. 
the two part lists were different from the items use = 
in the DA and QA list organization of the combi na- 
fion phase. "The control groups were designated 25 
follows: AL-DA-NS, AL-QA-NS, SUC DA-NS 
and SUC-OA- NS, 

Materials —The three-letter nouns 
grams) used in the construction of the 


ethod and each organization. 


(СУС tti 
eight-item 
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lists w 
оаа from Archer (1960) and had an 
Similarity was ue in the 907-100% range. Interitem 
cight-item lis minimized in list construction. The 
Structed 50 sts of two-digit numbers were con- 
than onc that any given digit occurred no more 
Positions. in both the first and second ordinal 
; were used 


Tach one ej үөн numbers. 
A-NS, = ds AL and SUC conditions (DA, QA, 
Touns-numb QA-NS) was given the sequence 

Was өен in the part phase, and the other 
ch of шп Che sequence numbers-nouns. Half 
the uer hee halves learned one patr of lists 
i For the с half learned the other pair. 

Sts of the ombination phase, the two, eight-item 
of QA ore, Part phase were combined in either DA 
Potions ation for all conditions except the NS 
Composed. In DA, the serial list of 16 items was 

art List vr the first two nouns (or numbers) of 
of art Lisi then the first two numbers (or nouns) 
numbers) at 2, then the third and fourth nouns (or 
Numbers of Part List 1, then the third and fourth 

A, the M nouns) of Part List 2, and so оп. In 
Ouns tee list was composed of the first four 

fimbe pers) of Part List 1, then the first 
gon [s s (or nouns) of Part List 2, then the 
айу, the nouns (or numbers) or Part List 1, and 

ist 2 F second four numbers (or nouns) of Part 

Ди NS conditions, the DA and QA 

Í lists of > were composed from the second pair 
IN acquin 10uns and numbers when the first pair 
Wh and On in part practice and vice versa. The 
t s Practice ree den of the lists used in the 
[е used in pe itions were exact replicates of 
E. rning conditi he combination phase of the part- 

Bht-item E tions. Counterbalancing of the two, 

Umber sec sts of nouns and numbers and of noun- 

Ne Dart сана was identical with that done for 
he 2e d in the combination phase. 

1565 Wer e.—Slides of the items for the serial 
a Ko ina projected black on a white background by 
Plastig” Carousel automatic projector on a “milk- 
Champ Screen in an aperture of the experimental 
the Sete а 2-sec. rate. The S was seated inside 
Н jectio imental chamber at a table such that the 
hi аса n screen was approximately 75 cm. from 
at Чез with vertical height of letters and digits 
Were pennis of 2.5 cm. Slides of the letters Aand B 
9f the i in the part phase to identify the beginning 
Suc « Wo lists on cach trial for both the AL and 
раш These letters also served as the 
s Чеп ann сие for the first item. The letter A 
ads a 1 the anticipation cue for the combination 
tertrial l for the WH condition. The interlist and 
Practice interval was 10 sec. The interval between 
hterval on List A and List B in SUC and the 
for MT between the part and combination phases 
Бу L and SUC was 30 sec. An intercom system 
ber ween the experimental and control spaces 

mitted E to give instructions to 5 and to record 


Of ea. 
an 


antici 
Wa. 
bh 


the vocal anticipatory responses made by S in 
serial learning. Failures to respond and incorrect 
responses were recorded as errors. 

For all treatment conditions, the instructions 
described the serial anticipation method and the 
performance required by the particular treatment 
condition. With the part methods, instructions 
were first given for the part phase, and no mention 


was made of the combination phase. When the 
was attained, instructions 


bination phase. No specific 
patterns was ever 


criterial performance 
were given for the com 


information about DA or QA 
given. The Ss in the AL conditions were given 


preliminary practice on two lists of two-letter 
words to ensure their understanding of the task. 
The Ss in the SUC and WH conditions were given 
preliminary practice on a single list of two-letter 
words for the same purpose. 


RESULTS 


The experimental design provides for 


statistical analyses of errors and time per 
item to the acquisition criteria. Analyses 
of variance were used in each case, and 
when appropriate Fisher's least significant 
difference test (LSD) of differences between 
means was made subsequent to analysis of 
variance. The 5% level was the criterion 
of significance for all statistical tests. 
Most analyses of the error data provided 
an evaluation of serial position. and its 
interaction with other variables. Of the 
total errors, 75% were omissions (failures 
to respond) and 25% were intrusions. This 
proportional distribution of errors was 
relatively constant over experimental con- 
ditions, so no separate analyses were made. 
Combination phase analyses.—Since the 
main hypotheses of the experiment were 
concerned with transfer effects of the part 
phase upon the combination phase, analyses 
were made of data from the WH groups and 
the combination phase of the part groups 
In both the analysis of variance of errors 
н of time per item, groups was а signif- 
icant source of variation, F (9, 1,507) = 15.9 
E respectively. Table 1 presents 
=> ean fom and time per item for each 
group. With an LSD of 29.2 for errors 
oe Lu SEE: for time per item, each mean 
pecific transfer in the combination 
phase was significantly different and smaller 
than the corresponding mean for nonspecific 
transfer. All combination phase means 
were smaller and, except those for SUC- 


TABLE 1 
EFFECT or Practice CONDITION лхо PATTERN ОЕ 
MATERIAL UPON ERRORS AND TIME PER ITEM IN 
COMBINATION AND WHOLE ACQUISITION 


Pattern of material 


Double alternation | Quadruple alternation 


Practice 
cond. 
Specific EC Specific A. 
„шр 725003) 168089) |19709) 
| 
WH 139,8 (34.6) | 103,8 (28.0) 


Note,—Time per item is given in parentheses, 


QA-NS, were significantly different from 
the corresponding means (ог the WH 
condition. There were no significant 
differences between AL and SUC practice 
for corresponding means. The only signif- 
icant difference between corresponding 
means for the DA and QA conditions 
occurred with errors for WH practice. 
Serial position.—The analysis of variance 
of the error data also showed the Groups 
X Serial Position interaction to bea signif- 
icant source of variation, F (135, 2,250) 
= 3.9. In order to evaluate curve form 
independently of differences in total error, 
the data for every S at each serial position 
were converted to percentage of total 
error. Data for any S who had five or 
fewer errors were omitted from the anal 


lysis 
of percentage of error because of the 
distortion they could produce. This pro- 


cedure eliminated data for three Ss from 
Group AL-DA, five Ss from Group AL-QA, 
one S from Group SUC-DA, and two Ss 
from Group SUC-QA. The unequal № 
analysis of variance of the percentage of 
error data showed the Groups X Serial 
Position interaction to be significant, F 
(135, 2,085) = 3.67. Figure 1 presents 
serial position curves in the left section so 
that differences in form as а function of 
practice method and pattern of material 
may be examined. The LSD is 3.0% 
error. The effects of DA (upper two panels, 
left section) appeared by approximately 
the fifth serial position. At this serial 
position and thereafter percent error in. 
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creased for the first item of the =. 
and decreased for the second item. the 
amplitude of oscillation was greater for Bi 
two part methods with specific ho. 
than for WH. There were significa. 
differences between points for either the 
both of the part curves from points fog 12 
WH curve at five serial positions (9, 11, 1^ 
13, and 14). The form of the curves fr. 
and SUC was very similar, and only at nce 
serial position (12) did the фа a 
between the two exceed the LSD. ation) 
nonspecific transfer (Panel 2, left peon 
there were no significant differences rial 
tween AL, SUC, and WH at any ae 
position. The amplitude of oscillation ^! 
small and the differences between the eats 
and either the preceding or following РО for 
exceeded the LSD at four locations or 
AL-DA-NS, and at two locations each 
SUC-DA-NS and WH-DA. АПШ 
Тће effects of QA were much less clea © 
than those for DA. They were greater 5 
specific transfer with the two part met ther 
(Panel 3, left section) than for all They 
QA conditions (Panel 4, left section). cent 
involved progressive increase in Per ass 
error over the four items of a given e c 
of material for the first two quadruplic?" 
and progressive decrease in percent er 
over the items for the last two qua ica 
plicates, The changes were not symmetri 


within or between AL-QA or SUC- 
Successive pea 


ak errors occurred at Seria 
Positions 5, 10, and 13 for AL-QA and ae 
4, 9, and 14 for SUC-QA. For both of e 
Curves, there were a substantial number. y 
points on the curve that were significant - 
different by the LSD test from the pee 
ing and succeeding points. The two ш 5 
differed significantly from each other 5). 
Serial positions (5, 10, 11, 14, and т Г 
Either one of these two curves or both к 
them together differed significantly froni 
the WH-QA curve at 10 serial gos 
(5, 6, 8, 9, 10, 11, 13, 14, 15, and 16). THS 
curves for nonspecific transfer and W 3 
practice (Panel 4, left section) show Yen 
little effect of the QA pattern. Only in e 
case of SUC-QA-NS was there a significa" 

difference between adjacent serial р m 
(9 and 10). There were no significan 
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гој о AL-DA о AL-DA-NS 
о SUC-DA Ф AL-DA 
16 


ICT TT TOUT 


~ с о m 
| Ж шй ДЕ Эк Е н 


іржа шанаа аааз авснаа аата 
о AL-DA-NS о SUC-DA-NS 

e SUC-DA-NS e SUC-DA 

—--WH-DA 


MEAN PER CENT ERROR 
о 
T 


12} 

ar 

4L 

or 

LA LLLA EE Lad ee 121221 
16| о AL-QA-NS о SUC-QA-NS 

L e SUC-QA-NS [ e suc-Q^ 

—WH-QA E 


11 1 1L 111 да а аза LL 2-1 41-1 1-11 
> 4 6 8 1 12 14 6 > 4 6 8 0 12 14 le 
SERIAL POSITION 


Кї. 1. Serial position error curves for the 
function of practice condition, 


practice as a 
specific versus nonspecific transfer. 


di 
me rences between these three curves at 
E P gam position. 
compa panels of the right section of Fig. 1 
Specifi AS the curves for specific and non- 
Praetjs transfer for both AL and SUC 
Won E: and for both DA and QA organiza- 
transfe n each case, the effect of specific 
orm a оа pattern of material on the 
han th he serial position curve was greater 
inr Fee of pattern of material alone. 
Were fo etailing the serial positions, there 
the cur bid significant differences between 
in Pos x Panel 1, five in Panel 2, four 
contribu tior and seven in Panel 4. Тһе 
of the € of specific items to the form 
both 1 ial position curve is substantial for 
h DA and ОА organization. 


combination phase and for whole 
organization of material, and 


Part versus whole learning.— he effi- 
ciency of part-plus-combination acquisition 
examined. 


versus whole acquisition was also 
Analysis of variance of errors and time per 
item showed groups to be a significant 
source of variation in both cases, F (9, 150) 
— 3.7 and 2.6, respectively. Table 2 
presents the mean errors and time per item 
for each group. АП specific transfer 
part-practice conditions produced smaller 
means for both measures than the means for 
the respective whole-practice conditions, 
but with an LSD of 37.7 for errors and of 
9.8 sec. for time per item, only the error 
means for AL-DA, SUC-DA, and SUC-QA 
differed significantly from the error means 
of the WH-DA and WH-QA groups. 


SA 
TABLE 2 


EFFECT OF PRACTICE CONDITION AND PATTERN OF 
MATERIAL UPON ERRORS AND TIME PER ITEM IN 
PaRT-PLUS-COMBINATION AND WHOLE 
ACQUISITION 


Pattern of materials 


PES | paulesiémston | Ouadraple sitersation 
Specific | Nonspecific | Specific | Nonspecific 
AL 87.1(28.0) | 103.6(32.4) | 75.7(22.3) 123.1(32.4) 
SUC 86.1(27.1) | 115.8(32.4. 61.2(20.0) | 130.6(37.9) 
WH 139.8(34.6) 


103.8(28.0) 


Note.— Time per item is given in parentheses, Abbreviations: 
AL = Alternate; SUC = successive; and WH — whole. 


Comparisons of the NS part-practice condi- 
tions with WH practice showed a significant 
difference in mean time per item for SUC- 
QA-NS and WH-QA. 

A further examination of data for the 
part and combination phases may be made 
by determination of the proportion of the 
total errors and total time per item con- 
tributed by each. Analyses of these 
relations were made by computing the 
percentage of the total errors and the total 
time per item for every S in the combination 
phase in each of the part groups and then 
conducting analyses of variance. Signif- 
icant differences between groups were 
found for both measures, F (7, 120) — 31.9 
and 16.2, respectively. Table 3 presents 
the group means [ог percent error and 
percent time per item. The LSD for 
percent error was 9.1 and Гог percent time 
per item was 9.0, and the results of the 
LSD tests were the same for both sets of 
data. The previous results reported for the 
combination phase were confirmed. 
was significantly more tr 
specific than for the non 
conditions. That is, significantly greater 
percentages of errors and time were 
required in the combination phase for the 
nonspecific transfer conditions than for the 
specific conditions. The new result was 
significant effect of pattern and practice 
method. The mean for AL-OA was smaller 
and significantly different from the m 
for AL-DA, SUC-DA, and SUC-QA, 

Part-phase analyses.— The results of an 


There 
ansfer for the 
Specific transfer 


a 


eans 


al- 
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yses of variance of the error data and the 
time per item data of the part phase were 
identical for the two measures. Меш 
practice method (AL vs. SUC) nor DM 
dummy variables of pattern of таап 
tion (DA vs. ОА) and specific versus no 
specific transfer were significant o 
variation. Ordinal position of list, У ч 
124) = 19.9 and 17.6, respectively ; d 
versus numbers, / (1, 124) = 23.8 and M 
respectively; and the Practice Сова 
X Ordinal Position of List interagi , 
F (1, 124) = 7.9 and 7.8, respective У, 
were significant. Acquisition of the Fo 
numbers produced more errors (29,8 ес. 
21.6) and required more time (15.5 Rt 
vs. 12.6 sec.) than acquisition of the ne 
Application of the LSD test to the dos 
action means showed that only in o. 
of SUC practice was there a transfer fr ; 
the first to the second list (30.5 vs. [ог 
errors and 8.1 vs. 5.1 вес.). The means c 
the first and second lists in AL p 
(28.7 and 25.8 errors, and 7.7 and 7.1 hs 
and the mean for the first list in SUC fifier 
tice (30.5 errors and 8.1 sec.) did not <! 
significantly. 


Discussion 


The most noteworthy result of the ers 
ment was the effect of the DA and ОА n the 
of nouns and numbers upon the form О tern 
serial position error curve, Each раб was 
Produced a characteristic form that ai 
present across all conditions of practice ha 
transfer, with that for DA being somew de 
more stable than that for QA. The magnit er 
of both pattern effects, 


2 rea 
however, was Ел ў 
for the conditions of specific transfer th 
Р 


TABLE 3 


F 
кын, qTERN 9 
ЕРЕЕСТ Or PRACTICE CONDITION AND PAS 
MATERIAL upon PERCENTAGE oF ERRORS iS 
TIME PER ITEM IN THE COMBINATION PHA 
Pattern of material 
" ation 
pm Double alternation Quadruple gignit 
А { Моп: 
Specific ensis Specific | specific 
(54.1) 
39.0(42.0) | 59.3(57.5) | 15.4 (26.1) | 55:005409 
32:8(12:1) 59:2 (00:3) 25,2 (40.0) | 62.306 


А " 1 Р; evi: jons: 
Note.—Time per item is given in parentheses, Abbreviati 
AL = alternate; SUC = successive, 


ITEM SERIATION AND SERIAL POSITION ERRORS 25 


, е 
ле NS and WH conditions, which 
E есы = appreciably in magnitude. The 
ip qum € of the same items in the two part 
EN GA im the combination lists in the DÀ 
ES ditus ey therefore, increased the 
ыл, d сё : the pattern effects. Аз hypoth- 
d а бије Wes probably due to the transfer 
ibise ative learning between items of the 
m and quadruplicates in the part phase 
s combination phase. 

Er Ота form of the serial position 
йн, cen between the DA and ОА patterns 
istics om ween a function of pattern character- 
vieni since form for each pattern was 
Копа: invariant across practice and transfer 
Pattern TE A basic characteristic of each 
to the "rs the shift from one class of material 
Suena ph and the points of shift were 
curve Aber the form of the serial position 
error ‘i Vith the DA pattern, the increase 1n 
Eoi the first item of the doublet was 
Dies produced by the shift in class of 
Second ; and the decrease in error for the 
Tepetiti item was probably produced by the 
the me of an item of the same class. With 
а = pattern, it is difücult to account for 
four певане increases in error over the 
quadru T of the quadruplicate for the first two 
Ар icates and the progressive decreases 
over the four items of the quadruplicate 

The change in 


Next js adruplicate i 
Class ep eeu ted ће due to the shift from one 
in ане to the other. The difference 
between p» of change in magnitude of error 
ates mg ae first two and last two quadrupli- 
Of the ay have been due to the QA pattern 
Parts, "us ИШИНЕН list functioning аз four 
tion of пау have been due to an interac- 
the ordinal position of the whole list with 
Торан аЙ Certainly, primacy effects 

SU + to override both DA and QA pattern 
or deep the latter effects failed to occur 
Ordinal Ted to a lesser extent for the early 
ФО оны Qoo than for the later ordinal 
error cum | Since the standard serial position 
Ordinal ME, shows an increase in error with 
of the A to just beyond the middle 
Point to d and a decrease in error from this 
error ле end of the list, the difference in 
between Gee ш over the quadruplicate 
Dlicates ac first two and last two quadru- 
basic ed be a simple reflection of this 
Curves, acteristic of all serial position error 


Althoug 
ugh the expected positive transfer 


сл 


from part to combination learning was found 
for the specific transfer groups relative to both 
the NS and WH groups, the positive transfer 
for the NS groups relative to the WH groups 
was unexpected. Because there was no 
experimental plan to assess the sources of 
transfer for the NS groups, little can be said 
except to attribute it to warm-up, learning to 
learn, or some similar kind of variable. In 
addition it should be noted that there was 
little effect of type of part practice and type 
of pattern on transfer, except for the signif- 
icantly smaller percentage of errors and time 
per item in the combination phase for AL-QA 
than for the other three specific transfer 
Thus, hypotheses about efficiency 


conditions. 
of these variables 


of transfer concerning either 
were not generally confirmed. 
Since positive nonspecific transfer 
found in comparing the combination phase to 
WH practice, it appears unlikely that systema- 
tic pattern arrangements other than those used 
in the present study would eliminate the 
superiority of part learning (with specific 
transfer) over whole learning. Goggin and 
Stokes (1969) have suggested that this supe- 
riority for serial learning is primarily due to 
advantages of the length-difficulty arrange- 
ment. In addition, variables of nonspecific 
transfer may also contribute to the superiority 
of part over whole learning. Furthermore, it 
appears that a wide range of variation. 1n 
pattern relations between items in the part 
and combination lists may be added to the 
conditions under which part will be more 
efficient than whole serial learning. 
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Two predictions deriv 
(VD) learning were that both reduce 
formation (% ORI) and an increase ir 


duced 95 ORI. 
bined factorially 
independent groi 
tions were confirmed. 


According to the 
verbal discrimination 
strand, Wallace, & Underwood, 1966), 
experimental frequency contributed by 
representational responses (RRs), pro- 
nunciation responses (PRs), and rehearsal- 
of-the-correct-alternative responses (RCRs) 
develops at a faster rate for the correct 


member of a Ур pair compared to the 
incorrect member, 


Thus, a single VD list 
may be learned by an 5 consistently select- 
ing the pair member of highest frequency 
(Rule 1). A minimal assumption of this 
theory is that an RCR occur at least once, 
and only when the incorrect member is 
selected. 


frequency theory of 
(VD) learning (Ek- 


Based on their theory, Ekstrand et al. 
(1966) were able to predict correctly an 
ease of learning order Over several list 
conditions in which frequency was directly 
manipulated by using the same word twice 
within a single list and either maint 
or changing the initial design 
or incorrect) of the word. 


ice 
aining 
ation (correct 


Further support for frequency theory has 
come from studies in which transfer para- 
digms were used (Raskin, Boice, 


Е Rubel, 
& Clark, 1968; Smith & Jensen, 


1971; 


! Requests for reprints should be sent to William 
R. Gamboni, who is now at Chicago State Uni- 

ersity, Department of Psychology, 
Illinois 60621. 7 5 
* Now at Kansas State College of Pittsburg. 


Chicago, 


Three levels of % ORI (100%, 50 
with two levels of Presentation rate (2:1 and 2:4 sec.). 
ips of 15 college students each were used. 


ed from the frequency theory of verbal discrimination 
d percentage occurrence of reinforcing in- 


п presentation rate would retard VD learn- 
ing. A third prediction was that % ORI would inter: 


resulting in a greater retardation of VD 


act with presentation rate, 
learning at the faster rate under rc- 
%, and 2595 ORI) were com- 


All three predic- 


964; 
Underwood, Jesse, & Ekstrand, Ж, 
Wallace & Nappe, 1970).  Underwo 


Г t or mr 
et al changed either the correct 0! 


Correct words from VD List 1 to. Таа 
while Raskin et al. changed or mainta! о 
the correct and incorrect designation ce 
Words in two successivelists. Both yer 
and Nappe and Smith and Jensen d/or 
familiarization training with correct anc 1C- 
incorrect words later used in the constr" 
tion of VD lists, ithin 
In addition to word repetition W! ta 
lists and transfer paradigms, experimen ie 
frequency may be manipulated by. te 
omission of information about the correc $ 
ness of S's choice for a number of VD i 
on a single trial (designated here as eae 
centage occurrence of reinforcing inform? 
tion or % ORI). ID 
Under conventional (100% ORI) \ 


P А iatelY 
learning, all selections аге immediata 
followed by information indicating ing 
Correct member of the pair, Beginning 


with the initial guessing trial, chance woule 
lead to the selection of the correct membe! 
in half of the pairs. Within these pon. 
according to frequency theory, the ойс: 
member would gain two units of frequency 
(contributed by an RR and PR) compares 
to one unit of frequency (an RR) ваіпес 
by the incorrect member. For pairs 11 
which the incorrect member was selected: 
both correct and incorrect members would 
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ES [^3 om frequency at the same 
Erben and PR for the incorrect 
E er and an RR and ЕСК for the 
that NUT The important point is 
earning ti J learning under 10095 ORI, 
trial Sn pria chay Jm on the second 
either em he intrapair frequency relations 
Member rE in favor of the correct 
tennenc or being equal. In no case would 
of the ds relations be established in favor 
With S ect member of the pairs. —— 
Menes the learning under 50% ORI, Ire- 
of a diffe Ору would lead to an expectation 
relations (a^ pattern of intrapair frequency 
or certain pairs. As in the 100% 
lead condition, chance expectancy would 
[таг specifically, to four ‚ pairs 
eight. Y guessed on the first trial with an 
ORI ш? list to be learned under 50% 
Would i |. these four pairs, chance agam 
by finir icate that two would be followed 
not, Thi ПЕ information and two would 
Critica] У itself does not constitute à 
ember ifference in frequency outcome of 
and 509; of correct pairs between 100% 
and unr {4 ORI since in both reinforced 
Would a pairs the correct members 
, Tecerve two units of frequency (an 
fus PRI compared to one unit of 
Member (an RR) for the incorrect 
ers, 
de ie between lists learned 
With res 70 and 50% ORI would occur 
Pairs in pect ко two of the four missed 
by daner 50% ORI list that would not 
informati have been followed by reinforcing 
incorrect on. Within these two pairs, the 
of requ бе ка would receive two units 
Correct ee (an RR and PR) and the 
ember one unit of frequency (an 
in i, Anus establishing frequency relations 
two ja te incorrect member in these 
Would W he equalizing effect of an RCR 
i e precluded for these two pairs 


Since 
1 өй. Р 
10 information would 


have reinforcing 


З been available. 
ees: оса theoretical differences in 
ORI liste С come between 100% and 50% 
learning es ко be expected that VD 
retarded i reduced % ORI would be 
tial. 108 Tequenecy theory (Ekstrand 
' 6) also predicts that a reduction 
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in study time after reinforcement would 
decrease the number of RCRs resulting 
in a retardation in VD learning. In the 
present study, it was also expected that a 
decrease in study time would retard VD 
learning. A third prediction was that 
presentation rate would interact with % 
ORI, resulting in a greater effect of rate 


on Ss learning under reduced 95 ORI. 
This latter prediction stems from studies 
Runquist, 1960; Wilcoxon, 


(Schulz & 
Wilson, & Wise, 1961) 
Ss learning paired associate 
percentage of occurrence of response mem- 
bers (% ORM) tend to rehearse correct 
more ап 58 learning under 
To the extent this same 
VD learning, it 


which indicate that 
s under reduced 


responses 
100% ORM. 
process is involved in 
would be expected that less rehearsal time 
would disproportionately affect learning 
under reduced % ORI compared to learning 
under 100% ORI. The purpose of the 
present experiment was to investigate VD 
learning under varying conditions of both 
% ORI and presentation rate. 


Метнор 


Design and subjects—The design of the present 
experiment was à 2 X 3 factorial, with 2 levels of 
presentation rate (2:1 and 2:4 sec.) and 3 levels of 
©} ORI (100, 50, and 25% ORI). 2 independent 
groups of 15 Ss each were used. Groups 100-1, 
50-1, and 25-1 were run under 100%, 50%» and 
25% ORI, respectively, at the 2:1-sec. rate, and 
Groups 100-4, 50 4, and 25-4 were run under the 
same respective levels of с; ORI at the 2 :4-зес. rate. 

The Ss were 90 undergraduate summer = 
students with no previous experience in à verbal 
They were assigned randomly, 
N's, to the six experi- 
appeared. for testing. 
juired to 


learning experiment. 
within the constraint of equal 
mental conditions as each S 

Lists and procedure.—Al| Ss were rec 
learn the same 24-pair VD list which varied among 
nber of pairs 
the correct 


experimental conditions only in the nur 
on a single trial that were followed by 
member of the pair, The list was constructed with 
48 words 5 and 6 letters in length randomly selected 
from a pool of 64 bisyllable nouns published by 
Spreen and Schulz (1966). 
Under conventional (100% ORI) VD learning, 
all pairs were immediately followed by the presen- 
tation of the correct member on each trial. For 
the 50% ORI condition, only half of the pairs were 
accompanied by the correct member on any one 
trial. Pairs followed by the correct member were 
determined randomly within the limit that the 
correct member for all pairs occur twice in each 
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block of four trials. Under 25% ORI, six pairs 
were followed by the correct member on a single 
trial. In this case, pairs followed by the correct 
member were randomly determined such that every 
pair was followed by the correct member once in 
each block of four trials. Under conditions of 50% 
and 25% ORI, no pair occurred on more than two ог 
three consecutive trials, respectively, without the 
correct member being identified. When pairs were 
not followed by presentation of the correct member, 
an asterisk appeared in the window of the memory 
drum. 

Four random orders of the list were constructed 
and presented serially on a Stowe memory drum. 
The members of a given pair were presented one 
above the other for 2 sec., followed by the presen- 
tation of the correct member or asterisk alone. 
For Ss learning under the 2: 1-sec. rate, the correct 
member or asterisk was presented alone for 1 sec. 
after the VD pair. For Ss in the 2:4-sec. condi- 
tion, the correct member or asterisk was presented 
alone for 4 sec. after cach pair. In each of the four 
orders of the list, each member appeared equally 
often in the top and bottom positions and half of 


the top members in each list were correct. There 
was no intertrial interval. 


All Ss received conventional instructions about 
VD learning and, in addition, were told that the 
correct member may or may not be indicated for a 
given pair on any one trial. Learning was taken 
to the criterion of one perfect anticipation of the 


RESULTS AND Discussion 


The results were based on the mean 
number of trials to the learning criterion 
including the criterion trial. The Ss who 
did not meet the criterion within 23 trials 
were credited with a criterion score of 23 
trials. The number of Ss who failed to 
reach criterion within 23 trials included four, 
two, and one Ss in Groups 50-1, 25-1, and 
25-4, respectively, 

The mean number of trials to re 
learning criterion is presented 
for each of the six experiment 
An analysis of variance of t 
indicated the main effect of 
was significant, F (2, 84) = 15.47, р < .001. 
Тһе overall means were 7.77, 13.04, and 
12.77 trials to criterion for Ss learning 
under 100%, 50%, апа 25% ORI, respec- 
tively. This finding is consistent with the 
prediction derived from frequency theory 
that VD learning under reduced 95 ORT 
would be retarded. Figure 1 shows that 


ach the 
in Fig. 1 
al groups. 
hese data 
% ORI 
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for both the 2:1-sec. and 2:4-sec. pre 
sentation rates there was a general A 
crease in the number of trials to criterion 
as % ORI decreased. The single ежсер gi 
to these trends was that Group a 
which included four Ss who failed to m 
criterion within 23 trials, took liga 
more trials to criterion than Group V 
The main effect of presentation rate M 
also significant, F (1, 84) = 21.33, p < 0 d 
The mean trials to criterion was 9.18 p 
13.20 for Ss learning with the дие 
and 2:1-sec. rates, respectively. Thus, ien 
predicted by frequency theory, a pal 
presentation rate, resulting in less study 
time, produced a retardation in VD eana 
ing. This finding is consistent with t' 
results of studies by Ingison and Est 
(1970) and Wike and Wike (1970) in whic 
the main effects of study time on 
learning were also significant. en 
Finally, the Rate x 95 ORI interactio! 
was significant, F (2, 84) = 4.93, р < 0 
As shown in Fig. 1, a reduction in prese? 
tation rate resulted in a greater retarding 
effect on VD learning under levels of JI 
duced 95 ORI than under 10096 OR : 
Analysis of simple main effects of rate @ 
cach level of % ORI indicated that Group 
50-1 took significantly more trials to p 
terion than Group 50-4, F (1,28) = т 
Ф < .001, and Group 25-1 took sign! 
cantly more trials to criterion than GrouP 
25-4, F (1, 28) = 4.86 p «.05. Groups 


'The significant Rate X % ORI inte 
action indicates that the trends of the 
Curves presented in Fig. 1 are not the gane. 
Since four Ss in Group 50-1 failed to mec 
the learning criterion, the mean value 1o! 
this group plotted in Fig. 1 was an under- 
estimate and suggested the possibility of a 
quadratic trend component in the Rate 
X % ORI interaction.? Tests of both 
linear and quadratic components in the 
interaction. term revealed that only the 


* The mean trials to criterion for Group 50-1 
was 16.8. The median value for this group was 
18.0, indicating the use of the mean resulted in 2 
оу underestimate of the performance of Group 
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quadratic component was significant, F 
80 i 6.51, р < .05. Thus, the curves 
ho M in Fig. 1 do not differ in slope; 
Rot А they do differ an curvature. 
ED | of linear and quadratic trends in the 
d а effects of 95 ORI at the 2:2-sec. 
line of presentation showed that both the 
7 T component (accounting for 69.76% 
om he % ORI effect) and the quadratic 
Ponent (accounting for 30.24% of the 
(7 и effect) were significant, F linear 
a D = 20.88, p < .001, and F quadratic 
the o) = 9.05, p < .01. Tests of trend at 
Dus cae rate showed that only the 
of т component (accounting for 97.84% 
Fa he % ORI effect) was significant, 
Bur sud = 6.75, p < .05. Тһе present 
m n were unable to arrive at a tenable 
dia anation of why the mean performance 
Toss levels of % ORI was linear at the 
о rate and curvilinear at the 2:1-sec. 
Pom These findings would appear to be 
7 Mpatible with the frequency theory of 
! learning. 
|. ађвепсе of an effect of presentation 
enti at the level of 100% ORI is not 
irely inconsistent with the results of 
€ studies by Ingison and Ekstrand (1970) 
rod Wike and Wike (1970) mentioned 
individ In the study by Wike and Wike, 
Cant 1 comparisons revealed no signifi- 
grou differences in V D learning between 
stud pa of Ss learning with 1-, 2-, and 4-sec. 
тёге, pope A fourth group that 
signifies an 8-sec. study interval did differ 
the cantly in the expected direction from 
inte OP that received the 1-sec. study 
a val. Similarly, in the study | by 
| ен and Ekstrand there was little 
s: rence in trials to criterion between .Ss 
arning with 2- and 3-sec. study intervals, 


а and 5.02 trials, respectively. How- 
D , Ss that received a б-ѕес. study 
erval took 3.88 trials to criterion. 


Each individual comparisons were not 
аде by Ingison and Ekstrand, it appears 
thes the main effect of study interval in 
in ir experiment was due primarily to the 

Creased performance of Ss who received 
the 6-sec. study interval. As in the present 
Study, Skeen (1970) also found no effect 
of study interval on conventional (100% 


20r 
8 
x 
= 
= 
= 
a 
z 
100 50 25 
PERCENT ORI 
FiG.1. Mean trials to criterion as a function of 


© ORI and presentation rate. 


ORI) VD learning when study intervals of 
2 and 4 sec. were used. 

The finding that a reduction in presen- 
tation rate retarded learning under reduced 
95 ORI but not under 100% ORI in the 
present experiment is compatible with 
observations by Schulz and Runquist 
(1960) and Wilcoxon et al. (1961), indi- 
cating that Ss learning paired associates 
under reduced 95 ORM tend to rehearse 
more than Ss receiving 100% ORM. In 
the present study, Ss learning under 
conditions of 100%, 50%, and 25% ORI 
received an average of 7.77, 6.52, and 3.19 
reinforcements, respectively, per VD pair 
during learning to criterion. These obser- 
vations, similar to those of Wilcoxon et al., 
indicate that Ss learning a VD task under 
reduced % ORI also receive greater benefit 
from each glimpse of the correct member of 
the VD pairs, perhaps mediated by greater 
rehearsal in these groups. According to 
frequency theory, the retarding effect of an 
increase in presentation rate on VD learning 
would occur as a result of fewer RCRs 
being made during the study interval. 
Thus, assuming Ss in reduced % ORI 
conditions tend to rehearse more than 5s 
in the 100% ORI condition, а reduction in 
presentation rate would have a greater 
effect of Ss learning under conditions in 
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which RCRs would be more important con- 
tributors to frequency differences between 
members of the VD pairs. 

The implication of the argument pre- 
sented above is that Ss tend to compensate 
for reduction in % ORI with increases in 
rehearsal activity. Thus, it would be 
expected that a greater reduction in 975 
ORI at a slower presentation rate would be 
necessary to produce a retarding effect on 
VD learning. In order to assess this 
possibility, specific between-group com- 
parisons across % ORI conditions at each 
level of presentation rate were made using 
the Newman-Keuls test for multiple com- 
parisons. These tests at the 2:1-sec. 
level of presentation rate indicated that 
both Groups 50-1 and 25-1 took signifi- 
cantly (ps < .01) more trials to criterion 
than Group 100-1, but that Groups 50-1 
and 25-1 did not differ significantly on 
trials to criterion. Similar comparisons 
at the 2:4-sec. level of rate indicated the 
only significant (р < .05) difference was 
between Groups 100-4 and 25-4. These 
comparisons indicate that a greater reduc- 
tion in % ORI was necessary at a slower 
presentation rate for % ORI to have a 
significant retarding effect on VD learning. 

The finding that reduced % ORI retarded 
VD learning in the present experiment does 
not agree with the results of a study by Mar- 
ston (1964) in which partial reinforcement 
as low as 50% during VD learning did not 
result in fewer trials to criterion compared 
to Ss who received 100% reinforcement of 
correct responses. Although the reinforce- 
ment methodology used by Marston differed 
from the present study in that the onset 
of a green light served to indicate a correct 
response had been made, Marston did find 
that the number of reinforcements prior 
to criterion decreased Significantly with 
decreases in percentage of reinforcement, 
a result similar to those obtained both 
by Wilcoxon et al. (1961) and the present 
study. Interpreted in the same manner 
that Wilcoxon et al. interpreted their 
results, this would mean that Ss in Mar- 
ston’s reduced percentage reinforcement 
groups tended to rehearse more than Ss 


receiving 100% reinforcement. Although 
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Marston did not specify the presentation 
rate used in his study, if study time after 
reinforcement were relatively long, a greater 
reduction in percentage of reinforcement, 
as in the present study, would have been 
necessary to affect VD learning in Mar- 
ston’s study. e 

The equivalence of frequency outcome 
of members of correct pairs between МУ 
inforced and nonreinforced pairs discusse 
in the Introduction section was based T 
the accrual of experimental frequen® 
according to the minimum requirements 0 
frequency theory (Ekstrand et al., d 
that ап RCR be made at least once, a? 
only when the incorrect member is selecte¢ t 
Nevertheless, it is reasonable to sugges 
that Ss do rehearse when the corres: 
member is selected and that rehearsal wt 
involve more than a single RCR. Wi t 
rehearsal after selection. of the ейте 
member, the frequency difference betwee 
correct and incorrect members WOU 8 
develop at a faster rate for reinforced Ра!" 
than nonreinforced pairs. In the ote R 
reinforced pairs guessed correctly em 
pairs) on the initial guessing trial, R 
correct member would receive an RR, PA: 
and an indefinite number of RCRs COP 
pared to an RR for the incorrect member. 
The frequency ratio of members in 3» 
pairs may then be represented as 2*:1 " 
favor of the correct member. The Hee 
quency ratio of members in correctly 
guessed but nonreinforced pairs (CN para 
would remain 2:1 in favor of the correc 
member. Similarly, the frequency differ 
ences between members of incorrectly 
guessed pairs with reinforcement А 
pairs) would result in a frequency ratio 0 
2*:2 assuming indefinite RCRs, whereas 
the frequency ratio of members of ae 
correctly guessed nonreinforced (IN pairs) 
would remain 1:2 in favor of the incorrect 
member. 

Based on these frequency ratios, it сап 
be seen that CR pairs constitute a ratio 
most favorable to the correct member, 
followed by CN, IR, and IN pairs i! 
decreasing order of favorableness. Я 
course, the intermediate positions in this 
ordering would depend on the amount of 
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rehearsal of the correct member in IR 
E Irrespective of the amount of re- 
Ed TR providing its equal for both CR 
(а) ; pairs, it would be predicted that 
Mica T proportion of CR pairs 
CN, IR је correct on Trial 2 than either 
ton ai he IN pairs, (b) a greater propor- 
2 than E pairs would be correct on Trial 
Ses ci x pairs, and (c) a greater propor- 
4 R pairs would be correct on Trial 

2 than IN pairs. 
ES order to test these predictions, the 
es eT of CR, CN, IR, and IN pairs 
were н 1 that were correct on Trial 2 
% Of etermined for each 5 in the reduced 
о ORI groups. The Ss in the two 100% 
алир, groups were excluded from _ this 
№? sis since these Ss did not experience 
of cn IN pairs. The mean proportions 
Trial У CN, IR, and IN pairs correct on 
tive] p were .65, .62, .61, and .44, respec- 
Pici | Гће trend of these means is consis- 
requ ath the order of favorableness of the 
each y ratios for the correct member in 
aboy, У the four types of pairs discussed 
боган. A one-way analysis of variance for 
data ated measures of these proportion 
the ee that the differences among 
Я сап were reliable, F (3, 177) = 8.80, 
eara However, specific between-pair 
den MIB using the Newman-Keuls pro- 
of IN revealed that the mean proportion 
Signific pairs correct on Trial 2 differed 
der ini (p. = о) from each of the 
othe ng mean proportions, but that no 
Jer differences were significant. 
Pec: results lead to а number of 
Propo ions. Тһе finding that the mean 
id а of CR pairs correct on Trial 2 
Бйр differ significantly from the mean 
do eere of CN pairs suggests that Ss 
mëmb rehearse appreciably after a correct 
differens is selected. Second, the lack of 
`N ani between mean proportions of 
teheares IR pairs suggests that Ss do 
Пази when the incorrect member 15 
cmd i least to the degree that the 
Suis У тано for IR pairs 15 commen- 
e to the frequency ratio for CN pairs. 
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This would require a frequency ratio of 
4:2 in favor of the correct member for IR 
pairs. Third, the fact that the mean 
proportion of IN pairs correct on Trial 2 
was the only mean proportion less than .50 
suggests Ss were learning by selecting the 
pair member of highest frequency (i.e., 


Rule 1). 
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SEQUENTIAL DEPENDENCIES IN SINGLE-ITEM AND 
MULTIPLE-ITEM PROBABILITY LEARNING! 


IRWIN P. LEVIN,? CORINNE S. DULBERG, J. 


FRANK DOOLEY, 


AND JAMES V. HINRICHS 


University of Iowa 


А verbal discrimination task with 1, 2 


ПЕ 


letters within each pair were reinforci 
ment schedule and where reinforcem 


or 48 successive presentations of a giv 
between groups. 


conditions. 
information in multiple-item 


The present study is a continuation of 
Previous research in multiple-item proba- 
bility learning (Erickson, 1966; Levin & 
Dooley, 1969, 1970; Voss, Thompson, & 
Keegan, 1959). Erickson has suggested 
that learning several Simultaneous proba- 
bility learning problems Serves to interfere 
with S’s ability to use sequential informa- 
tion. The existence of Sequential effects 
such as negative тесепсу and response 
alternation led Anderson (1964) to question 
the validity of applying to the standard 
(single-item) probability learning task 
simple conditioning models (e.g., the stimu- 
lus sampling models described by Estes, 
1964) which do not take into account 
response dependencies contingent on the 
sequencing of previous events. However, 
such conditioning models may be more 


applicable to ,multiple-item tasks with 
probabilistic reinforcement, 


Levin and Dooley (1970), 
pair probabilistic verbal 
problem with reinforce 
for a given pair conse 
block of 10 successive 
that pair, found neither c 


using a three- 
discrimination 
ment probability. 
tved within each 
Presentations of 
Onsistent positive 
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ames V. Hinrichs. . 
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or 4 letter pairs was prese: 
ed on a .75-.25 probabilis 
ent probability was conserved over 12 
еп pair. 
on the short-term sequencing of reinforceme 
Analysis of variance te 
encies yielded significance for 1-Pair and 
Results were discussed in terms 


-d where the 
c reinforce- 


Response tendencies dependent 
nt events were shown to differ 
sts sensitive to sequential depend- 
2-Pair conditions but not for 4-Pair 
of the reduced role of sequential 


as compared to single-item probability learning. 


recency, as would be predicted by the 
stimulus sampling models, nor negative 
recency; but the lack of systematic recency 
effects may indicate a reduction in the 
role of cues based on the sequencing 9 
preceding reinforcement events. They dic 
find evidence to suggest that some Ss ye 
slightly but reliably increasing their © 
сигасу of prediction by using informatio! 
about the frequency of event runs = 
different lengths, and thus that Ss were 
being influenced to some extent by the 
sequencing of reinforcements. The present 
study used the Levin and Dooley proba- 
bilistic verbal discrimination paradigm anc 


= 1 1 n 
included manipulations that could e 
fluence the saliency of cues based on eve! 
sequences. 


Тће major independent variable in Ше 
present study was the number of d 
(n this case, letter pairs) in the verba 
discrimination list. The number of a 
included were one, two, and four E 
different groups of Ss, with each item 
reinforced on а -75—.25 schedule. It wa? 
expected that as the number of items 1n 
the list was increased, the degree to whic? 
Ss’ responses depend on the exact 80" 
quencing of reinforcements for a give? 


item would be decreased because of the 
increased difficulty in 


event sequences for е 
The other independent variable manipu- 


ation was length of the reinforcement 
Sequence. Jones and Myers (1966) showed 


keeping track © 
ach individual item- 


SEQUENTIAL DEPENDENCIES 


M tie length of the reinforcement block 
ET es и ity Jearning—number of succes- 
which sig i of a given pair within 
E cen reinforcement ratio is con- 
E. As Es important factor in the 
En w raa Ss are influenced by event 
E aa n k ле present study, there were 
а ш lengths of the reinforcement 
effects ra given item: 12 and 48. Recency 
(M "in other sequential dependencies 
a xamined at each combination of the 
"ipulated variables. 


METHOD 


Desi 

M SEC 3 X2 between-Ss design was used 
; different list lengths and 2 different lengths 
© reinforcement block. Lists of 1, 2, and 4 


Wi 


e irs pH P 
Prese, Pairs were constructed. The 1-Pair 
renca for 384 trials. The 2-Pair lists were 
inter nted for 288 trials per pair. The 2 p were 


air кей randomly with the restriction that each 
Моск | ou equally often within each reinforcement 
Per pair he 4-Pair lists were presented for 192 trials 
With the pan the 4 pairs interspersed randomly 
Often а поп that each pair appear equally 
reinforce, hin each reinforcement block. А .75-.25 
air р schedule was maintained for each 

at paj hin each block of 12 or 48 presentations of 
One lett г. For a reinforcement block of Length 12, 
Оп а Е of a given pair was designated as correct 
Presen domly chosen 9 out of every 12 successive 
desig tations of that pair and the other letter was 
i nated as correct on the remaining 3 presenta- 
опе ros à reinforcement block of Length 48, 
о ег of a given pair was designated as correct 


а га 5 
Dress, шону chosen 36 out of every 48 successive 


Different reinforcement sequences were 
fife pouch different trial block within each half 
s UM per session. Тће second-half sequences 
Sub; Peats of the first-half sequences. | 
"Jecis.—A total of 174 students from introduc- 


We, 


г N H 
Ба: Psychology class t the University of Iowa 
о do pated, with 29 Ss assigned nonsystematically 
We ach of the six experimental conditions. The 58 


Пе in groups ranging in size from 7 to 16 
Materials. Eor the 1-Pair lists, the letter pair 
ae as used. For the 2-Pair lists the letter pairs 
and n-x were used. For the 4-Pair lists the 
QV, K-W, B-X, and J-Z were used. The eight 
ninel ee are of low frequency and have 
su Бе ба! similarity. Within each condition, 
ment (ae were formed to counterbalance the assign- 
S6; ox à particular member of a letter pair to be the 
EV C Iren member of that patr. Across 
eft Ssive presentations of a given pair the right- 
_ Positions were randomized. 
Procedure.—' The Ss were told that they would be 
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presented a series of pairs of letters and that on 
each presentation they were to try to predict the 
correct letter of the pair. The correct letter was 
indicated by the presentation of a single letter 
following the presentation of the letter pair. Each 
S was seated in a booth before a response panel 
containing nine buttons. Prediction was made by 
pressing the button on either the far right or the 
far left of the panel according to the right-left 
position of the predicted letter within the letter pair. 
Тће sequence of letter pairs and single letters was 
presented on slides by a projector situated at the 
front of a room containing 20 individually boothed 
response panels. Presentation of the letter pair 
signaled the beginning of each trial. The presen- 
tation durations were 1.50 sec. for the letter pairs 
and 1.25 sec. for the single-letter feedback (reinforce- 
ment) presentations, with .75-sec. intervals between 
letter pair and single-letter presentations. Thus, 
Ss had а 2.23-sec. interval between the onset of the 
letter-pair presentation and the onset of the single- 
letter presentation in which to make their response. 
Responses were automatically recorded on paper 
tape by a Microdyne Data Acquisition System. 

'The Ss were given a 3-min. rest period midway 
through the experimental session, which lasted 
approximately 30, 45, or 60 min. depending on 
whether Ss were in a 1-Pair, 2-Pair, or 4-Pair 
condition. 


RESULTS 


Mean learning curves and recency curves.— 
Mean learning curves giving P(A), the 
probability of responding with the 75%- 
reinforced member of a letter pair, as a 
function of trial blocks, are plotted in 
Fig. 1 for all conditions. It can be seen 
that an asymptotic level greater than the 
“probability-matching”’ level of .75 was 
reached in each condition. The asymp- 
totic level tended to be slightly but in- 
significantly higher for 2-Pair and 4-Pair 
conditions than for 1-Pair conditions. For 
1-Pair conditions, P(Ai) tended to be 
higher with Reinforcement Block Length 
12 than with Reinforcement Block Length 
48, while the opposite was true for 2-Pair 
and 4-Pair conditions. However, none of 
the differences between reinforcement block 
lengths were statistically significant. 

А recency curve—plot of P(A) 
function of number of successive reinforce- 
ments of the most frequently reinforced 
response within a given pair (Ei reinforce- 


as а 


ment events)—is plotted over the last 
half of the trials for each combination of 
block 


the list length and reinforcement 


264 


I. P. LEVIN, C. S. DULBERG, J. І 


5 í 
4-PAIR 
3 
в 
75 
7 
6 — REINFORCEMENT BLOCK 12 
---- REINFORCEMENT BLOCK 48 
5 
24 6 810 12141618 20 22 24 26 28 3032 
BLOCKS OF 12 SUCCESSIVE 
PRESENTATIONS PER PAIR 
Fic. 1. 


Response probability as 


a function of 
trial blocks for each 


condition. 


length in Fig. 2. For the 1-Pair condition 
with Reinforcement Block Length 12, 
P(A) tended to increase slightly and then 
decrease as the number of successive E, 
events increased. The form of this curve 
corresponds to the negative recency often 
found in single-item Probability lear 
Some positive recency can be observed in 
the 2-Pair and 4-Pair conditions. 
ever, none of the recency effects w 
in magnitude or high in reli 

Sequential dependencic 
quential dependencies were conducted 
within the framework of a stimulus aver- 
aging model applied to probability learning 
by Friedman, Carterette, and Anderson 
(1968). The linear and pattern models of 
probability learning (Estes, 1964) 


ning. 


How- 
ere large 
ability. 

-—Analyses of se- 


are 


". DOOLEY, AND J. V. 
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Т 1. 
Special cases of this averaging = 
This model, which considers the 4: m 
(reinforcement) events as pieces © has 
formation affecting choice behavior. ded 
proven to be sensitive to response 148 se- 
cies affected by short-term stimu m as 
quencing. The model may be writ 


" 
b, = Wolo + У wisn 


j=l 


is 
where the w; are weights whose a 1 
unity, p, is the probability of Nes the 
response on Trial ж, 20, and s»-j pv the 
weight and value (taken as 0 or 1 Trial 
two-choice task) of the event oe yeight 
п — j, and wy and Г, represent a e the 
and value of S’s expectation basec d that 
sequence as a whole. It is quum E 
wj is constant, independent of сан 
occurred on adjacent trials. 7 v 2* 
that in an analysis of variance О лепсе 
possible reinforcement event subsea” ions 
for the k previous trials, the intere aaa 
are zero. Response tendencies не 
on the exact sequencing of reinforc , 
events violate the independence-O 
assumption and lead nonzero 


to 


я 
x 
к 12 
— REINFORCEMENT BLOC! 
7 ---- REINFORCEMENT BLOCK 48 
7 
[2 & а 5 6 т“ 
SUCCESSIVE E, EVENTS | 
ol 
Fig; 2, 


МА " ion 
Response probability as a ERU 
number of successive Ел events for each con 
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TABLE 1 
RESPONSE PROBABILITY AS А FUNCTION or THE REINFORCEMENT EVENT 
SEQUENCE ON THE PRECEDING THREE TRIALS 
Event sequence (Ел, Ei.» 
Cond. | - 

| 1 | am | ай 221 | 112 | 22 | 212 222 

l Pair, Кей | | | | | | 
Pai , S inforcement Block Length 12) „847 .820 | .857 | .875 | .797 197 | .763 .897 
эр, г, Reinforcement Block Length 48) .789 | .749 .823 | .833 .692 | 655 | .791 448 
| (349 | 815 | .834 | .837 | 778 | 46 | .786 | .664 
842 814 | .830 | .807 | 784 | .742 | -765 ‚7152 


Note, 
‘ecified e 


ries are probabilities of predicting the 759 


int 
vent sequence for the previous three 


acti У А ГЕ 
Ons. Thus the existence of signifi- 


Will , Pteraction effects in any condition 
and ti ud that the model is not applicable 
Pad, response choice in that condition 
e ds on the sequencing of reinforcement 
s. 
fae model of Friedman et al. (1968) 
ние to cach of the list-length 
given чы by considering P(A) for a 
Possible т, as a function of the eight 
hree e event sequences of the previous 
бру DEMENS of that pair and per- 
1g an analysis of variance over the 


last 
"St half of the trial blocks for each condi- 


lon ^D P Е 
inch The possible sources of variance 
чде three main effects representing 


ле 5 
се egre of influence of each of the pre- 
ng three reinforcement events (Егл—> 


Yo -reinfi 
presentations of that pair. 


orced member of a given pair, conditional on occurrence of the 


Pair conditions, reinforcement block length 
interacted with other factors of the design, 


thus necessitating separate analyses at 
each reinforcement block length. For 
2.Pair and 4-Pair conditions, no such 


interactions occurred and the two rein- 
forcement block lengths were combined to 
increase power. The mean value of P (A1) 
for the eight event subsequences are given 
in Table 1 for each condition, and the 
analysis of variance results relevant for 
testing the model are presented in Table 2. 

It can be seen that in each condition 
except 1 Pair with Reinforcement Block 
Length 12, the influence of events Ej, 
and E;,,1 were each statistically significant 
at or beyond the .01 level, with the value 
of P(A;) being greater following an Ел 
2 or п — 1 than following an 


mdo E;,,-1), three two-way interactions, on Trial n — 
One three-way interaction. For the 1- Е. For these conditions, the reinforce- 
TABLE 2 
ANALYSIS OF VARIANCE RESULTS FOR Event DEPENDENCIES OF TABLE 1 
Cond. 
Source of variance 1-Pair Reinforcement | UTR Капач | 2 Pairs | 4 Pairs 
MS F(1,28) MS | F (1,28) us | raso us | ға, 5) 
= ВУ | | 5 
.062 2.58 .000 .00 .033 1.35 005 48 
057 2.06 .606 | 12.74** .249 | 10.90** 079 7.33** 
.076 2.07 1.337 13.49** 941 | 27.4*** | „454 EC 
116 5.29% 338 | 6.76* 021 | 1.01 009 | 119 
000 | .00 185 4.08 047 | 2.20 .001 .06 
075 | 3.81 E 6.33* ап | 4.79* 000 .02 
:028 | 1.60 456 | 12.42** 117 | 4.79* 004 | .52 
| 


01 
001 


ii 


ment event on the immediately preceding 
trial (Ei, ;) was the largest contributor 
to the variance. 

Inspection of Table 2 reveals that 
significant interactions were found in 
1-Pair and 2-Pair conditions but not in 
the 4-Pair condition. Thus the stimulus 
averaging model is supported in the 4-Pair 
condition but not in the 1-Pair or 2-Pair 
conditions. 

À close inspection of the means in Table 
1 is useful in determining the nature of 
the interactions found in the 1-Pair and 
2-Pair conditions. A disproportionately 
high value of P (A1) following Sequence 222 
in the 1-Pair condition with Reinforcement 
Block Length 12 contributed to the signifi- 
cant interaction found in that condition. 
Since there were very few instances of 
runs of more than three consecutive E, 
events, this suggests that Ss in this condi- 
tion were effectively using information 
about the event run Structure. The inter- 
actions found in the 1-Pair condition with 
Reinforcement Block Length 48 can be 
localized in two response tendencies, First, 
a response alternation tendency—the ten- 
dency for Ss to predict the continuance of 
alternation following sequences such as 121 
or 212—can be observed. P (A1) was higher 
following Sequence 212 th 
other sequence ending in 
P(Ai) was lower follow 
than following any other sequence ending 
in an Ey event. P(A) was actually less 
following Sequence 121 than it was follow- 
ing Sequence 212. In addition, the value 
of P(A1) was disproportionately low follow- 
ing Sequence 222. Thus Ss in this condi- 
tion tended to predict а continuation in 
the run of E» events even though the actual 
probability of the run continuing was very 
small. Response tendencies Similar to 
those observed in the 1-Pair condition with 
Reinforcement Block Length 48, but lesser 
in magnitude, can be observed in the 2-Pair 
condition. The observed interactions can 
be localized in response alternation tenden- 
cies following Sequences 121 and 212, and 
in a disproportionally low value of P(A;) 
following Sequence 222. В > 

То reiterate the analysis of variance 


an following any 
an E» event, and 
ing Sequence 121 
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results for the 4-Pair condition, the in- 
fluence of the reinforcement events on E 
previous two presentations of a given pa 

were each highly significant, but none a 
the interactions approached statistical sa 
nificance. This indicates that while РИ 
reinforcement events influence respon 
choice on a given presentation, the eae 
sequencing of prior events does not à T 
response choice. These results support nu 
averaging model which assumes that | 5 
weight or influence of a given oe 
independent of what events occurred to 
adjacent trials. This is in contras а 
results in other conditions where pe 
of the model was necessitated by A 
presence of sequential effects such * 

response alternation. 


Discussion 


Previous research has stressed the role of 
sequential dependencies in single-item Pr pe 
bility learning, Thus, models based 9n nse 
Simple reinforcement principle that ipe 
probability should increase following CS а 
successive reinforcement of a given Ip d 
tend to lose support in these studies У у 
the effective stimulus on a given trial uu 
based on the Sequencing of prior evaice 
Several authors have suggested that om 
tasks which Separate the successive pee 
tations of a given item serve to dist" 
Sequential information and the memory оп, 
preceding reinforcement events (Eric 
1966; Kroll, 1970; Levin & Dooley, 
Millward, 1968). The present results for 
4-Pair condition tend to confirm this 1n 
situation where successive presentations y 
given probabilistically reinforced verbal en- 
crimination pair are separated by the pre? 
tation of other pairs. an 
Assessed within the context of the Rip 
et al. (1968) stimulus averaging model, m 
Sponse contingencies based on the short-tet 
Sequencing of successive reinforcement XE 
for a given Pair were found for 1-Pair x. 
2-Pair conditions but not for the d d 
condition. This Tepresents the first rs 
statistical confirmation of the reduction a- 
Sequential effects in а multiple-item pre irs 
bility learning task. As the number of ран» 
in the list is increased, there appears to pee 
reduction in the saliency of cues based on t” 
Sequencing of reinforcement events. 


the 
the 


ў 


| 


SEQUENTIAL DEPENDENCIES IN PROBABILITY LEARNING 


pun E the 4-Pair condition were con- 
E with some of the predictions of a simple 
ioc Pig poda theory. For example, the 
aa NEA to repeat the response designated 
P ion P on the immediately preceding presen- 
ms à given pair was the most important 
Aer х i of the present response. How- 
сој prediction of probability matching 
— ec by some models based on reinforce- 
E tur ни (e.g., Estes, 1964) was not 
‘ries e " Rather, the “overshooting found 
ultiple-item probability learning problems 
р коп (1966) and Kroll (1970) was 
па тата as well. While the sequencing of 
import t reinforcement events was not an 
S e ones factor in the 4-Pair condition, 
Venton choice was affected by the type of 
me n each of the two previous presentations 
ааб pair. Тће results in this condition 
stimul, to illustrate the usefulness of the 
[сс tegration approach to sequential 
ssing represented by the averaging model. 
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Four experiments investigated the role of verbal coding on retention of non- 
sense shapes as a function of memory load and retention interval. In training, 
S: 


also learned names for the shapes. 
pretraining. The Named conditior 
recognition performance. 


nated by interfering with rehearsal 
estimates of shape recency in 
the Named condition only 


То what extent is memory of a picture 
or visual stimulus dependent upon a verbal 
process? This basic question has generated 
а long history of research interest resulting 
in some understanding of the role of verbal 
coding in memory. However, efforts to 
fully understand memory of visual ma- 
terials have been somewhat retarded by the 
difficulty in generalizing across different 
task paradigms. 

А variety of data suggest that prior label 
training facilitates performance on associa- 
tive tasks where S must make new responses 
to visual stimuli or learn to pair nonsense 
shapes with each other (Ellis, 1965; Hagen 
& Kingsley, 1968; Jeffrey & Bogartz, 1961; 
Ranken, 1963; Santa & Ranken, 1968; 
Spiker, 1956). The effect of verbal coding 
is not as clear in other paradigms such as 
recognition memory оѓ visual stimuli. 
Several investigators have found little or 
no effect of label pretraining in recognition 
tasks (Ellis, Bessemer, Devine, & Trafton, 
1962; Ellis & Muller (6-point shapes), 1964; 
Hake & Erikson, 1956; Robinson, 1955). 
Other experiments have shown that prior 
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55 in the Named and Unnamed conditions had equ 
shapes in a delayed matching-to-sample task, while Ss in the N 


al practice discriminating 
amed condition 


А recognition test of the shapes followed 
n, in general, was superior in terms of 
The advantage increased 
to be remembered increased, but was constant 


-2 to 50 sec. The superiority of the Named condition can be reduced or elimi- 


(counting backwards). 
à continuous recognition task were superior for 
on items within tl 
These data suggest that verbal coding of visi 
on recognition memory via increased rehearsa 


as the number of shapes 
across retention intervals from 


Furthermore, 
he range of short-term memory. 


ual stimuli has its primary effect 
l efficiency in short-term memory. 


mM er- 
label training facilitates recognition Pr. 
formance (Arnoult, 1956; Ellis & * 
(24-point shapes), 1964). d 
Efforts to resolve such conflicting, ^: 
indicate that the affect of label p. 
à recognition task interacts with the c the 
plexity of the visual stimulus such Kee 
labels аге more important with СО! 
stimuli (Ellis & Muller, 1964). 
Studies of color codability suggest also 
the effect of verbal coding might 107У 
interact with other factors such as MEL , 
load and retention In E һа 
08)“ 
псе 


dat 


chat 


interval. 
the codability literature demonstrat 
the ease of naming visual stimuli 18 Й 
tively related to recognition perio 5 
(Brown & Lenneberg, 1954; Ganze ). 
Clark, 1962, 1963; Lantz & Stefflre, 1 гра 
Stimuli that аге readily coded with ове 
labels аге better remembered than E 
which are difficult to code verbally- rerba 
relationship is qualified such that үз i 

coding seems to be more importar: 
either retention interval or memory DS ). 
increased. (Brown 4 Lenneberg, Да 
However, the two variables of memory 


é 


ad 


Ded нау CON” 
and retention interval were partialis ^ e 
founded in the Brown & Lenneberg € 


iect 
ment, and the correlational data are ай 
to à noncausal interpretation. Мате is Я 
is possible that stimuli which are de 
code are also more easily remembe 
independently of the verbal code. „кейе 
Тће first experiment in the present 86 


ей, 


or 
e's 
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y Im 3 è 

p designed to examine experimentally the 

кене interaction of verbal coding with 
етогу load and retention interval. 


EXPERIMEN 
lao PERIMENT | 


" id di The stimulus shapes (Fig 1) were 10- 
Sides and Ке Shapes constructed with straight 
сасћ shape € top and bottom contours. | Thus, 
top Ms ee be divided by a horizontal line into 

ive п half, each half containing one of 
Shapes wi ntours which defined the shape. The 
appear li e projected on à rear-projection screen to 
20 in, n. in width at a viewing distance of about 


or раган. Presentation and retention intervals 
ank tine: КЁ зше, were controlled by ап eight- 
Were oras pes de Instrument Co.) Respons 
аре pun ax on paper tape with an Invac paper 
Шын ch. A solid-state programming unit 
сце g е Instrument Co.) was used to program 
quences, time intervals, and record responses 

у Basten а experiments, | 
Jnnamed pee training conditions, med and 
3 memor h retention intervals (.2 to 50 sec.), and 
ina 5 y loads (one, two, or four shapes) were used 
2X8X3 design with repeated measures on 


the 
re " T 
(int tention interval factor. A total of 60 Ss 


roduc P» : 

e eductory psychology students) participated in 
in Paci ament, The Ss were trained and tested 
ually, During training, half of the Ss were 


азы} 
names т to the Named condition, where they learned 
Condition } the shapes, while Ss in the Unnamed 
Op and | had equal practice in discriminating both 
Matchin Hotton contours of the shapes in a delayed 
Each Sethe ee task, but were not given names. 
into three hese training conditions was subdivided 
est ph; тоату load groups for the recognition 
а fixed es hus, after training, Ss were пей 
ог four = mory load for the test stage of one, two, 
р Ur shapes, 
‘Or Ses re. The shapes were first presented singly 
Conditio each. The Ss in both Named and Unnamed 
ey х= азы informed that in a subsequent task 
Whole sh: be required to pay close attention to the 
Named hape, both top and bottom contours, In the 
cach sh: condition, Ss were also given a name for 
Were nape. The names were arbitrarily chosen, but 
sha Somewhat suggested by the outline of the 
аре (see Fig. 1). 
р kie Tee trials were then given, in which а com- 
а А-ке үз р was shown for 2 sec., followed, after 
HO a elay, by a set of four top or four bottom 
qs irs (half shapes), presented side by side for 
C. One of the four alternatives always matched 
Парана part of the test shape, and 5 was 
ae ucted to designate that alternative by pressing 
of four response keys located on a table directly 
elow the screen and in front of S. The S was to 
Dress the key corresponding to the position of the 
alf shape which he chose. The Ss in the Named 
Condition gave the name of the test shape when it 
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was shown, with correction by E after 3 sec. The 
intertrial interval was 4 sec. The choice response, 
designating the matching contour, could be made at 
any time prior to the presentation of the next test 
stimulus, but was not corrected in either condition. 
A warning light mounted in the response key panel 
appeared 1 sec. before the presentation of the next 
test stimulus. Training continued for eight ran- 
domly ordered runs through the eight stimulus 
shapes. The sequence of half-shape alternatives was 
constructed such that within 32 recognition trials 
each stimulus was tested four times against four 
different sets of half shapes. The correct alternative 
for a given test stimulus appeared once in each of the 
four positions. The three distractor contours were 
randomly selected from the seven remaining stimuli. 
Each stimulus was tested twice against a set of top 
contours and twice against a set of bottom contours 
within a block of 32 recognition trials. Half shapes 
were used as alternatives in training to force Ss in 
Named and Unnamed conditions to attend equally 
to both of the relevant aspects of the stimulus 


shapes. 

In the test task, S was presented with a memory 
set of one, two, or four shapes. The S was to 
remember the entire memory set over the retention 
interval which varied from .2 to 50 sec. Presentation 
y sets of one, two, and four were, 
respectively, .5, 1, and 2 sec. However, in all cases, 
55 was tested on only one member of the memory set. 
At the end of the retention interval, one of the four 
cue lights, located below the screen, came on for .5 
sec. to indicate the position in the memory set which 
would be tested. The cue essentially told S that ће 
would be tested on the shape which had been pre- 
sented in Position » (п = 1,2, 3, or 4) of the memory 
set. As soon as the cue lamp went off, four whole- 
shape alternatives, selected from the eight stimulus 

appeared side by side on the screen for 4 
. and 5 was to select the alternative that was 
the same as the item cued in the memory set. Тће 
three distractors were chosen from stimulus shapes 
not in the current memory set. The interval between 
the test alternatives and the next memory set was 
4 sec., including a warning light after 3 sec. Memory 
load could be varied with this technique, and yet in 
all cases Ss were required to recognize only one 
shape from four alternatives. The cue was irrelevant 
for Ss in the condition with a memory load of one 
shape, but in this case the middle two lamps were 
lighted immediately preceding the test alternatives. 
These | lamps were included to equate the total 
retention intervals and to provide a distraction 
similar to that experienced by 58 in the other 
conditions. When the memory load was two shapes, 
а of the two middle lights was presented on each 
rial to indicate the test position within the memory 
set and, when the memory set was four shapes, one 
of the four lamps indicated the test position. 

The test sequence for a memory set of one was 
constructed so that there were eight randomly 
ordered runs through the set of eight s imuli. Within 
each block of eight recognition trials, the eight 
retention intervals (.2, 1, 2, 4, 8, 15, 30, and 50 sec.) 


times for memor 


s. 
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CAT SCREEN RABBIT DOG 
HAMMER FISH CROWN QUAIL 
GOAT PEASANT RHINOCEROUS DRESS | 
| : z E 1 
HORSE ROCK ANTELOPE HELMET 
WASHER FLAG ROOSTER AXE 


Fic. 1. Stimulus shapes and labels, (Top two rows were used for Exp, I-III.) 
f 

ce 9 
were randomly assigned to the trials. The test the Fesponse set, and the frequency of дери ар“ 
alternatives were constructed so that within a block any pair of shapes in a set of alternatives ы 
of 32 trials the correct match ы Tn with equal proximately equal;. Та, othe: words, any y 3 
frequency over the four positions 9 i e alternative occurred in an alternative set together W et 
set. Furthermore, the alternatives ERE LS 50 given other shape about the same number 5 m у, 
that each of the eight shapes of the M Us popula- (approximately 16) over the 64 recognitiot | 2 of 
tion occurred with equal frequency in all positions of he test sequences for memory sets of Size ^ 


sham 


See 
—— 
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Were constructed by using the same sequence of 
retention intervals and of four shape alternatives as 
used for a memory set of one, and by constraining 
the stimulus sequence so that the actual shape cued 
Оп а given trial was the same shape as a test item 
in the memory set of one. Therefore, the response 
balancing and sequence of testing stimuli was 
identical across memory set sizes of one, two, or 
four. Memory sets of Size 2 were constructed so 
that each stimulus shape occurred equally often in 
either position of the set. A given stimulus shape 
Occurred in a memory set with four different shapes, 
and the sequence of cue lights was balanced over the 
two possible positions in blocks of 8 trials. Memory 
Sets of Size 4 were constructed according to the 
Same principles used in making up the four shape 
alternatives. ch shape occurred in each position 
equally often, and cue lights were balanced across 
the four possible positions in blocks of 32 trials. 


Results and Discussion 


The mean number of incorrect choice 
‘sponses in training was 18.05 for the 
Named condition and 19.12 for the Un- 
Named group, / (58) = .45, p > .30. The 
Mean total naming errors in the Named 
Condition was 13.63, and the mean naming 
errors on the last eight trials was .64. 

Tables 1 and 2 show the mean percent 
Correct choices for the recognition test as a 
unction of naming condition, memory load, 
4nd retention interval. The main effects 
9! name training, F (1, 54) = 16.34; 


TABLE 1 


MEAN 
Mean Percent Correct CHOICE RESPONSES IN 
EXPERIMENT I As A FUNCTION OF ? 
CONDITION AND К TION INT! 


Retention interval (in sec.) 


Cond. 
2 1 2 4 8 15 30 50 
Named .92 |.93 | .91 |.95 |.89 | .89 |.89 | .86 
nnamed | .80| .78 | .79 | .85 | .78 | .86 | .74 | .74 
TABLE 2 


MEAN PERCENT Correct CHOICE RESPONSES IN 
THE Trst STAGE OF EXPERIMENT l AS A TION 
OF NAMING CONDITION AND MEMORY LOAD 


P 


Memory load 


Cond. 
1 2 E 
Named 97 .90 .84 
Unnamed :95 .82 .60 
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memory Joad, F (2, 54) — 25.76; and re- 
tention interval, F (7, 378) = 4.42, all 
ps « .01, were statistically significant. 
Name training led to better performance in 
all conditions, and the advantage was rela- 
tively constant across retention intervals. 
Performance decreased for both Named and 
Unnamed conditions as memory load in- 
creased, and there was a relatively slight 
decline in performance as the retention 
interval lengthened. The retention interval 
did not interact with either naming condi- 
tion or with memory load. The predicted 
interaction of Naming X Memory Load 
was highly significant, F (2, 54) = 5.76, 
p < .01. The interaction was still reliable 
at performance levels where the ceiling 
effect was less pervasive (two and four 
shapes), F (1, 54) = 5.46, p < .05. 

These data partially support the con- 
clusions drawn from the codability work 
(Brown & Lenneberg, 1954; Ervin-Tripp 
& Slobin, 1966). Verbal coding does appear 
to become more important as memory load 
is increased. However, the effects of name 
training did not interact with retention 
interval. The present data suggest that 
verbal encoding expands the amount of 
information that can be maintained but 
does not affect the temporal stability of the 
representation. 


EXPERIMENT П 


The second experiment was designed to 
replicate the Naming X Memory Load in- 
teraction with a repeated-measures design 
and to obtain information concerning the 
underlying process. The results of the first 
experiment appear to be consistent with a 
rehearsal buffer notion of memory (Atkin- 
son & Shiffrin, 1968). According to such a 
theory of memory, items can be maintained 
in short-term memory only by being re- 
cycled or rehearsed. It is quite possible 
that the constant advantage of the Named 
over the Unnamed condition in the present 
experimental paradigm can be explained as 
а rehearsal effect. The Ss in the Unnamed 
condition might be able to maintain a rea- 
sonable image or visual representation of a 
limited amount of information. However, 
as the input load is increased, they are 
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unable to rehearse the total load effectively, 
and thus they must attempt to keep only 
а portion of the stimulus elements. In 
other words, it is possible that Ss in the 
Unnamed condition can maintain, or re- 
hearse, a limited amount of information as 
an image. It appears likely that Ss in the 
Named condition can effectively rehearse 
à much larger number of stimulus items by 
coding them verbally and rehearsing the 
verbal codes rather than attempting to 
maintain the visual representations. At 
the end of the retention interval, the Named 
Ss could then decode the labels into the 
appropriate visual representations. This 
ability to rely on the verbal codes might 
expand the amount of information that can 
be rehearsed effectively. The hypothesis 
appears reasonable, but there has been 
little or no direct experimental evidence 
that verbal coding does in fact gain its 
advantage over iconic representation via 
rehearsal efficiency. 

One means of exploring the rehearsal 
effects of verbal coding is to interfere with 
the rehearsal process. If the observed 
Naming X Memory Load interaction is due 
to more efficient rehearsal in the 
condition, then interfering. with rehearsal 
during the retention interval should reduce 
or eliminate the interaction. 

A relatively effective method of inter- 
fering with verbal rehearsal is to require Ss 
to count backwards during the retention 
interval (Peterson & Peterson, 1959). "The 
rehearsal hypothesis is tested in the 
experiment by modifying the 
tion task used in Exp. I to introduce an 
interference task of counting backwards 
during the retention interval on half of the 
trials. If the advantage of the Named 
condition arises from 


more efficient ге- 
hearsal, then the Naming x Memory Load 
interaction. should be much stronger on 
trials without interference than on 


where interference is present, 


Named 


second 
cued recogni- 


trials 


Method 


Design.—The Ss were given either Named ar 
Unnamed training and then were observed in a 
recognition task with memory loads of two and four 
shapes. The were also given an interference task 
of counting backwards by one’s on half of the 
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recognition trials, resulting in a 2 X 2 X 2 design 
with repeated measures on both the interference an 
memory load factors. A total of 20 Ss благо А 
psychology students) served in the experiment wi 
10 Ss in each of the training conditions. E 

Procedure.—The training task was the same |. 
that used in the first experiment with eight random 
ordered runs through the set of eight stimulu 
shapes. х i 

the testing procedure was similar to that used n 
Exp. I, but with several modifications. All Ss es 
presented a memory set of two shapes on half. 0 if o 
64 trials, and a memory set of four shapes on half $ 
the trials. Presentation times for memory Ds 
two and four shapes were, respectively, 1 and Ы 
At the end of an 8-sec. retention interval, 55 2 in 
cued as in Exp. I to indicate the test position wit Hs 
the memory set. A set of four whole-shape alter? p 
i was then presented for 4 sec., and Ss bie 
respond in the same manner as in Exp. | before the 
4-sec. intertrial interval terminated. On half gres 
recognition trials, Ss were given a free (по 
ference) retention interval, and on half of the E 
Ss were given an interference task during the rete re 
tion interval. Trials without interference e 
conducted exactly as in E p. I with a memory m 
of two or four shapes on any given trial. On in е 
ference trials, Ss were given a three-digit num Ы 
aurally as soon as the memory set went off the scree 
and they were asked to count backwards by 2 
from this number, at a rate of one digit per Second 
during the 8-зес. retention interval, until a cue lig 
came on, 


Four trials within each block of eight were n 
domly assigned a memory load of two shapes W 
the remaining four trials given a memory loa " 
four shapes. Also, within each block of eight tria 58 
half of the trials were assigned to the interferen 
condition so that each block contained two inis 
ference trials with a memory load of two shapes PR 
two interference trials with а memory load о i ls 
shapes. Cue lights were balanced over the 64 У tie 
50 that cues appeared with equal frequency over 


а cu об 
possible positions within the memory set for b 
memory set s 


Results and Discussion 


The mean number of recognition error? 
in training was 13.3 for the Named and 13:7 
for the Unnamed condition, 7 (18) = 109 
Р > .30. The mean total naming errors и 
the Named condition was 13.0, with .4 D 
mean for the last eight trials. et 

Table 3 shows the mean percent correc 
in the test stage as a function of naming 
condition, memory load, and interference 
condition. "The main effects of naming 
F (1, 18) = 16.21; memory load, / (1, 18) 
— 62.2; and interference, F (1, 18) 
= 126.99, all ps < .001, were all highly 
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TABLE 3 


MEAN PERCENT CORRECT IN THE TEST STAGE OF 
EXPERIMENT П As A FUNCTION NAMING 
CONDITION, MEMORY LOAD, AND 
INTERFERENCE 


E. — 
Memory load 
Naming Cond, === 
2 4 
Noninterference сопа. 

Т 
, Named .89 | B 
/nnamed 77 | 19 

Interference cond. 
Named .66 .38 
Unnamed КЕ 29 
reliable [ i 

eliable, None of the two-factor inter- 


actions were statistically significant, in- 
cluding the predicted interaction of Naming 
E Memory Load. The three-factor inter- 
ud of Naming X Memory Load X In- 
—. erence approached significance F (1, 18) 
= 3.99, p < .07. 
5 These results at best provide marginal 
fet, Тог the Naming X Memory Load 
i craction and the explanation of the effect 
terms of a rehearsal effect of verbal 
he The data are in the predicted form 
tie lat naming seems to help more as the 
eredi load increases, but only when 
. lcarsal is allowed to take place. How- 
ed the results are not compelling, and it 

Possible that both ceiling and floor effects 
Were operating and contributing to the 
trend toward a three-factor interaction. 

ithout interference, the task was simply 
too easy with a memory load of two shapes 
and too difficult with interference and a 
memory load of four shapes. 

Two further experiments were executed 
to examine the components of the possible 
three-factor interaction observed in Exp. П. 
In the interest of brevity, the experiments 
Will be mentioned briefly. One of the experi- 
ments replicated the Naming X Memory 
Load interaction without interference, and 
the other replicated the same interaction 
with interference present. An attempt was 
made to avoid ceiling effects in the non- 
interference experiment by presenting the 
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stimuli for half of the time used in the 
first two experiments. Floor effects were 
avoided in the interference experiment by 
using memory loads of one and two shapes. 
Both experiments were successful in achiev- 
ing more reasonable performance ranges. 
Furthermore, the Naming X Memory Load 
interaction was present, F (1, 28) — 7.05, 
p < .05, when Ss did not have to count 
backwards, but was not reliable, / (1, 30) 
— 3.14, p » .05, when Ss were required to 
count backwards. Thus, these two experi- 
ments lend further credence to the marginal 
three-factor interpretation of the effects of 
verbal coding on recognition memory of 
shapes. 


EXPERIMENT III 


Тће preceding experiments provide some 
support for the notion that verbal coding 
contributes to memory performance via an 
increase in rehearsal efficiency. Support 
for a rehearsal interpretation of the effects 
of verbal coding comes from the reduction 
of the Naming X Memory Load interaction 
when verbal interference is present. How- 
ever, close examination of these data indi- 
cates several problems for a simple rehearsal · 
interpretation. The first problem that 
might be raised is that even though the 
Naming X Memory Load interaction was 
reduced or eliminated by interference, the 
main effect of name training remained 
significant in all of the preceding experi- 
ments. Thus, it is possible that name 
training gains part of its advantage over 
iconic representation through a more efh- 
cient rehearsal scheme, but perhaps there 
is some other factor such as an acquired 
distinctiveness or stimulus differentiation 
which contributes to the general superiority 
of the name-training condition. 

Another question that remains un- 
answered by the preceding experiments is 
to what extent is short-term-memory 
(STM) rehearsal possible in the Unnamed 
condition. Or phrased differently, can 55 
rehearse an image? The results of the 
first experiment might be interpreted to 
mean that Ss can indeed rehearse an image 
since performance remained constant as a 
function of retention interval from .2 to 50 
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sec. However, it is possible that this result 
is obscured by a confounding of two 
different memory systems. Perhaps the 
constancy of performance as a function of 
memory interval in the Named condition 
was truly a result of an ability to rehearse 
the memory set, but in the Unnamed condi- 
tion the same constancy might have re- 
Sulted from either rehearsal in STM or 
from a reliance on a relatively permanent 
long-term-memory store (LTM). 

Consideration of recent theoretical ac- 
counts of general memory processes sug- 
gests a task which permits an investigation 
of rehearsal effects in STM. Atkinson & 
Shiffrin (1968) have developed a general 
model of memory which incorporates a 
rehearsal buffer and a transfer process from 
the buffer to long term memory. According 
to Atkinson and Shiffrin's model, the 
strength of an LTM trace is directly deter- 
mined by the total amount of time that an 
item spends in the rehearsal buffer. Infor- 
mation about an item is transferred into 
L'TM as long as the item stays in the short- 
term rehearsal buffer, 

This model suggests a re. 
determine the importance 
both Named and Un 
the present series of experiments. In accord 
with the model, let us assume that the 
strength of the LTM trace is a direct 
function of the amount of time spent in 
STM. It is also reasonable to assume that, 
at least in the Named condition, Ss will 
rehearse the verbal codes for as much time 
as they are allowed (within reason) and 
that this rehearsal will contribute to the 
strength of the LTM trace of the labels, and 
possibly the visual Tepresentation, if it 
exists separately. 

These assumptions imply an increase in 
probability correct as a function of reten- 
tion interval (ie., rehearsal time). The 
implication holds only if Ss respond on the 
basis of LTM. Therefore, the third experi- 
ment attempts to monitor the strength of 
LTM, while assuming this Strength to be 
a direct function of time spent in the 
rehearsal buffer. One way to perform the 
experiment is to allow items to remain in 
STM for varying amounts of time, and then 


asonable way to 
of rehearsal for 
named conditions in 
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to interfere with the rehearsal in an E 
tremely disruptive manner, then give 3 
recognition task. One very disruptive nes 
ference task is to require Ss to count E 
wards by three's in time with a metronome 
during the retention interval (Peters at 
Peterson, 1959). It should be noted Е. 
the interference task used in Exp. п M 
probably considerably less disruptive t 
counting backwards by three’s. mo 

The task paradigm for Exp. IHI i$ Nos 
follows: stimulus presentation (1 sec.), ү 
interference interval (2 or 7 sec.), In 
ference interval (counting backwards f 
three's for 16 Sec.), and recognition Em 
This paradigm leads to several айе 
predictions which depend on the red 
assumptions for the Unnamed condi ans 
In general, if rehearsal is effective 1n nee 
ferring information to LTM, performa re 
should improve as a function of the Tn 
interference interval. On this assumpt 
performance in the Named condition € 
expected to improve as the preinterfere for 
interval is lengthened. Performante. the 
the Unnamed condition will improve а 1 
same rate if their representations bw. 
rehearsed and transferred at the € 
as the verbal codes of the Named cond cs 
The improvement in performance sould 
function of preinterference interval $P the 
be less for the Unnamed condition o 
Named to the extent that iconic rehea in 
is less efficient than verbal rehearsa i 
maintaining information and transferring 
to LTM 


Method d 
an 

Design.—Two types of training, Named tor- 
Unnamed, and a recognition task with 2 Р! 2 


ference intervals (2 or 7 sec.) were used in 5 renc? 
design with repeated measures on the preinterie ког: 
interval factor, А total of 32 .Ss (introd et 
Psychology students) Participated in the exper in 
with 16 Ss Serving in each of the name-trà 
conditions. Џи“ 
Procedure. Training for both Named and ding 
named Ss was identical to that used in the prece 
experiments, 


as 
The recognition test was basically the same y 
those used in previous experiments with a mem id 
load of two shapes. On every trial, 5 was presen 5 
with a memory set of two shapes for 1 sec. 
Was to remember the memory set for a total reten 


e 
tion 
e 
5 B cu 
Interval of 18 or 23 sec., after which he received а 


^ 


% e 4: 
— у у 
———— 
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pn designating the test position in the memory 
EM four whole-shape alternatives was then 
E S or 4 sec., and S made his choice from this 
divided i. retention interval. on each trial was 
Moe: 3 О two parts. The first part consisted of 
einterference interval of either 2 or 7 sec. At 

по нај e preinterference interval, an electronic 
on ur began beating ata rate of one beat every 
ле; 16 sec. The S was given a three-digit 
instruct E; the onset of the metronome, and he was 
with the to count backwards by three's in time 
Period pees during this 16-sec. interference 
immediat E ja interference period was followed 
d RE Y by а cue light and then by the set of 
< Shape alternativ 
assigned ыа 7-sec. preinterference intervals were 
Tecognitid lomly in 8-trial blocks to half of the 32 
sponse n trials, Cue lights and position of correct 
ELE vithin the alternative set were balanced in 

5 of 16 trials, 


S. 


Results а , 
Sults and Discussion 


T A ; 
B us mean number of incorrect choice re- 
MP eg in training was 18.4 for the Named 
ition and 18.7 for the Unnamed condi- 


lon E 

total £ (30) = .152, p > .30. The mean 

Naini Naming errors was 13.9, and the mean 
Mg errors on the last eight trials 


Was ,53 


abe 4 shows the mean percent correct 
hace а ер test as a function of 
B aning and preinterference interval. 
able ‘ga the level of performance is reason- 
ef 536 no apparent ceiling or floor 
ack | hese data exhibit a rather striking 
of differences. There were no signifi- 


Can at : : 
E main effects or interactions present. 
Ognition performance remained un- 


прве ав a function of preinterference 
ae Же ength, and for the first time there 

2 по main effect of name training. 
bet possibility arises that in recognition 
Огу, linguistic coding has primarily 


TABLE 4 


Mran Р 
AD „Ревсект CORRECT IN THE TEST STAGE OF 
~XPERIMENT III AS A FUNCTION OF NAMING 


CONDITION AND PREINTERFERENCE 
INTERVAL 


Preinterference interval (in sec.) 


Naming Cond, 


й 7 
Матеа .65 .63 
Unnamed .63 .63 
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STM effects. Verbal coding may influence 
STM retention by providing an efficient 
rehearsal scheme. This rehearsal advantage 
may be more important as the number of 
shapes to be remembered increases. How- 
ever, if the recognition task demands a 
heavy reliance on LTM, the verbal code 
may be mostly irrelevant. This interpreta- 
tion would be compatible with a dual 
storage format in LTM. With such a 
system, an iconic representation would be 
maintained distinct from a verbal code. 
The verbal code would be closely associated 
with the iconic representation and, to the 
extent that the code specified particular 
features of the stimulus, it might provide 
an important source of redundancy in 
recognition. However, with complex shapes 
and the general labels that have been used 
in these experiments, the redundancy effects 
are apparently minimal, as evidenced by 
the outcome of Exp. III. To the extent 
that 55 relied upon the names, performance 
should have increased as a function of pre- 
interference interval (Peterson & Peterson, 
1959, Exp. II). 

Exp. ПІ, when taken in conjunction with 
the previous experiments, provides the 
strongest support for a hypothesis which 
limits the effect of verbal coding in recogni- 
tion to the short-term rehearsal buffer. 
Exp. III is the first experiment where it is 
reasonable to assume that the rehearsal 
buffer is not playing an important role (due 
to the stringent interference used), and this 
is the only experiment in the series where 
the absolute effect of name training is 
absent. 


EXPERIMENT IV 


From the results of Exp. III, the hy- 
pothesis has been offered that the effects of 
verbal coding on recognition arise from 
rehearsal efficiency and are therefore limited 
to STM. This hypothesis implies that the 
effects of naming will initially be present, 
but then should disappear in a task ex- 
tending beyond the short-term span. 

One such task is a continuous *old-new' 
recognition task, where Ss are presented 
à sequence of items and are asked to judge 
Whether each item isold or new. The first 


, 
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time an item appears it is considered to 
be new. The occurrence of an old item 
can vary with respect to lag, i.e. the 
number of items that have intervened since 
it was first scen as a new item. Such a task 
offers a range of test intervals or lags in- 
cluding those lags that are clearly within 
the STM span to those that are clearly 
beyond the short-term span. On the re- 
hearsal hypothesis, the effects of verbal 
coding on recognition performance should 
be restricted to lags within the range of 
STM. 

However, pilot data revealed that 
normal old-new recognition procedure 
not sufficiently difficult to preclude 
effects. "Therefore, another measure 
rehearsal hypothesis was necessary. One 
possible measure is an estimate of recency 
in which S must indicate how many shapes 
have intervened since he Saw a given shape. 
In other words, on an item that S considers 
old, he is to attempt to estimate how old it 
is, i.e., to guess the actual lag since its last 
presentation. In general, recency estimates 
might be based upon somewhat different 
information than a simple recognition re- 
sponse. However, in the present situation, 
58 would have been exposed to the shapes 
several times during training, and so even 
a simple old-new recognition task relies 
upon a type of recency discrimination. 

The predictions of a rehearsal model of 
verbal coding are basically the same with a 
recency task as for the simple old-new task. 
If a verbal code simply increases rehearsal 
efficiency in STM, then estim. 
should be more accurate for the Named 


condition, but only for lags within the 
short-term retention span. 


a 
is 
ceiling 
of the 


ates of recency 


Method 


Stimuli — Тһе stimulus shapes (Fig. 1) were 10- 
sided nonsense shapes drawn from а pool similar to 
that used for the shapes of the preceding experi. 
ments. Twelve shapes were added to the set used 
in the first five experiments to make a total of 20 
shapes. The shapes were arbitrarily assigned names 
as in the previous eriments. | . | 

Design.—Two training „conditions, Named and 
Unnamed, and a recognition task with 2 trials, 2 
different orders of presentation, and 5 lag lengths 
(1, 3, 4, 5, and 10) were used in a 2 X 2 х2х5 
design with repeated measures on all factors c. 


Xcept 


JOHN L. SANTA AND HOWARD B. RANKEN 


jate 
ent 
p> 


5 du 
type of training. A total of 28 Ss ин 
psychology students) participated in the e gro 
with 14 Ss assigned to each of the 2 training Pont 

Procedure.—The Ss received а modified Vine 
the training procedure used in previous eir shape 
As before, on each trial, S was shown a W! 


e for 
ive the nam 

for 2 sec. and then was asked to give t Name 
the a set 


ulus 
k was 


half shapes. Trai [20 
randomly ordered runs through the peu shap 
The sequence was designed so that each соп 
tested four times against a set of bottom 


ing continued for a tot: 


urs 

2 1 con 
The 50% occurrence of top and hone was the 
was randomized in blocks of 20 trials, ive set 


correct response position within the altema 
In the test task, 5 was presented with i of pre 
of 40 stimulus shapes. Each trial consis ge 
senting a single shape for 1 sec., with uM [ог 
interval of 6 sec., followed by a warning !!E was 
sec. Every time a shape was presented, 7 
make a verbal indication as to whether the $ 


to 


ape “0 


vera 


1 of 


‚ his estimate of the actual Tag pape s 
number was to reflect S's best estimate of thee The 
recency or the number of intervening po d 
S was presented one sequence of 40 shapes а 
а delay of approximately 3 min., he T edicti] 
second sequence consisting of a different or 

the same set of 20 shapes. 

Test sequences were constructed by SRL shal 
the 40 positions in the sequence so that eac at old: 
appeared twice, once as new and one a (1, Ш 
Furthermore, only five lag lengths were allow ing our 
4, 5, and 10), with each lag length appear shal E 
times. A lag length of one meant that бесиггепсе 
intervened between the first and second pee defined 
of a particular shape. The other lags Rd апаа 
similarly. One test sequence Б constructet ace was 
forward and backward ordering of this seque! 
used for the two recognition test sequences. 


given | 


strain 


Results and Discussion 


> pror$ 

Тће mean number of recognition чо 

in training was 22.72 for the Unna ndi- 

condition and 23.30 for the Named “meal 
Поп, / (26) = 13, р = ,30. The n 
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Fic. 2. Recency Estimates for Exp. IV as a function of naming condition 
and lag (number of intervening shapes). 
total nam; " ; o та T 

il naming errors in the Named condition S's ability to rehearse effectively a larger 


Was 39.61, and 2.86 for the last 20 trials. 
паре recency judgments as a function of 
овы training are presented in Fig. 2. The 
the t+ of each S's unsigned deviations from 
Wire a lag was used in the analysis. T here 
ing Беа main effects of name train- 
Ра А (1, 26) = 39.10, p< 001, and lag 
Mas 04) = 36.92, p < .001. The Named 
me E as was more accurate than the Un- 
арвей condition when the data are col- 
Neg over all other factors. Phe signifi- 
а ыан effect of lag is primarily due to 
Pert 5 performing worse on the lag of 10. 
ormance was relatively constant over 
мы middle range of lags. Маіп effects of 
“quence, Æ (1, 26) = 2.80, р > .10, and 
trial, F (1, 26) = .20, p > .10 were not 
Significant, 
. The predicted Name Training X Lag 
Interaction was reliable, F (4, 104) = 4.58, 
b X .01, with the Named condition more 
accurate on lags of Length 4 or less. As 
the lag increased beyond 4, the difference 
between the training conditions disap- 
Peared. Тһе observed interaction is in 
Complete accord with the rehearsal model 
of the effects of verbal coding on recognition 
memory. Name training leads to more 
accurate estimates only in the STM range. 
This effect is very likely due to the Named 


number of items than is possible in the 
Unnamed condition. The order of stimulus 
presentation (sequence) did interact with 
Lag, F (4, 104) = 4.06, p < .01. This inter- 
action is due primarily to a relatively poorer 
performance on Sequence 2 at a lag of 10. 
In Sequence 2, lag lengths of 10 tended to 
appear later in the list than they appeared 
in Sequence 1, which could explain the 
difference in performance on lags of 10. 

None of the three-factor interactions 
were significant, indicating that the ob- 
served Naming X Lag interaction general- 
izes over the range of both trials and 
sequences used in this experiment. The 
four-factor interaction. of Naming X Se- 
quence X Lag X Trial was statistically 
significant, F (4, 104) = 3.28, р < .05. 
There is no obvious interpretation of this 
interaction. 


GENERAL DISCUSSION 


This series of experiments has partially 
clarified the effects of verbal coding in recogni- 
tion memory and has made some progress in 
identifying the mechanisms of these effects. 
The results of the first experiment suggest that 
labeling increases the capacity of the short-term 
memory buffer, but has little effect on the 
temporal stability of the representation. Ex- 
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periment II succeeded in replicating the inter- 
action of name training with memory load and 
provides some indication that verbal coding 
gains its relative advantage through an efficient 
rehearsal mechanism. The last two experi- 
ments provide even stronger support for a 
rehearsal interpretation of verbal coding. 

In Exp. III, a task with strong interference 
eliminated all effects of name training. The 
experiment gave Strong support to the notion 
of a rehearsal effect of name training. Further- 
more, the results of Exp. III suggest that Ss 
do not rely on a verbal code for shape recogni- 
tion in LTM. The recency estimates in the 
last experiment support this hypothesis. 

These experiments leave little doubt that 
linguistic coding can affect recognition memory 
of visual stimuli. The verbal code appears to 
be particularly important in STM tasks where 
it leads to more efficient rehearsal and an 
expanded STM capacity. The recency data 
from Exp. IV do not completely exclude the 
possibility that a verbal code can be used in a 
Simpler recognition from LTM. However, 
these data in conjunction with the data from 
Exp. III suggest that there is little or no effect 
of verbal coding in recognition from LTM. 
Тће Ss seem to rely on the visual representa- 
tion without reference to the verbal label when 
forced to respond on the basis of L'TM. 
Strategy is undoubtedl 
quality of the label, 


tion about the shape. It 
relevant" verbal 
code can provide redundant information about 
the visual image. 

Finally, it must be noted th 
no attempt to confine all 
linguistic coding to STM, The rehearsal 
advantage in STM appears dominant in 
recognition tasks, However, it is quite likely 
that verbal coding is important in other task 
paradigms such as free recall. The verbal 
code provides access to а rich and flexible 
retrieval system. One might expect strong 
effects of verbal coding in tasks Where retrieval 
from L'TM is an important component, 


at there has been 
of the effects of 


REFERENCES 


AnNourT, M. D. Recognition of shapes following 
paired associates pretraining. In G. Finch & 
F. Cameron (Eds.), Symposium on Air Force 
human engineering, personnel, and training re. 
search. (Publication No. 455) W ashington, D.C 
National Academy of Science, National Research 
Council, 1956. 


NN 


JOHN L. SANTA AND HOWARD B. RANKEN 


an 
ATKINSON, R. C. & Smirrrix, К. M. на 
memory: А proposed system. In d m 
Spence (Eds.), The psychology of learnt Press: 
motivation. Vol, 2. New York: Academic 
1968. E. H 
Browy, R. W., & | NEBERG, E. H. 
language and cognition. Journal of Abnorma' 
Social Psychology, 1954, 49, 454—162. 
ELris, Н. C. The transfer of learning. 
МасМ ап, 1965. " 
Erus, Н. C., Bessemer, D. W., DEVINE: tic 
Твлетох, C. L. Recognition of random 7 
shapes following predifferentiation ий 
ceptual and. Motor Skills, 1962, 14, 99-102. 
ELLIS, Н. C., & Милев, D. Tar. MER tid 
learning following stimulus prediffere! 


Journal of Experimental Psychology, 1964, 

388-395. 
ERvin-Tripp, S, 

linguistics. | 
17, 435-474. гер 
Сіл ; M., &CLank, W. Accuracy of jme of 

recall: An analysis of organization. TO ds 1, 

Verbal Learning and Verbal Behavior, 

289-299, bal 100P 
GLaNzER, M., & Crank, W. The ver ЖОП 

hypothesis: Binary numbers, Journal 901-309. 

Learning and. Verbal Behavior, 1963, 2, Е {rect 
HAGEN, J. W., & KiNcsLEv, P R. Labelling © | 

in short term memory. Child Development, 

39, 113-121, nse 
Наке, H. W., & Ericksen, С. W. Role of гез of 
variables in recognition and identificat ental 
complex visual forms. Journal of Expert 
Psychology, 1956, 52, 235-243. 
EFFREY, W., E., & Bocanrz, R. S. 
task as a factor in positive transfer 
acquired distinctiveness pretraining. 
logical Reports, 1961, 8, 15-19, nition 
ANTZ, D., & SrEFFLRE, V, Language and COE в 

revisited. Journal of Abnormal and 

Psychology, 1964, 69, 472 481. 
Parvio, А. Mental imagery in assoc 9, 

and memory, Psychological Review, 1969 

241-263. E 
PETERSON, L. R, & PETERSON, М. Sor ol 

retention of individual verbal items. Jot” 

Experimental Psychology, 1959, 58, 193-198. 


study in 
Аз nir 


New York: 
J- V« & 


tual 
er- 


al 

| 7 erce опа 

Transfer in рег ition: 
8, 


Psycho" 
Ps 1966, 


M., & Slosis, D. 1. 5 
Annual Review of Psychology 


torion 

The criterio" 
following 
Psye ho- 


ing 
siative learnt 
iative f 


sal 

3 ; seria 

RANKEN, H. B. Effects of name learning. on earn 
learning, position learning, and recognition 


ing with random shapes. 
1963, 13, 663-668. s for 
Ковгхвох, 1. S. Pte effect of learning labels пој 
stimuli on their later discrimination. Journa 
Experimental Psychology, 1955, 49, 1 12-114. nd 
Santa, J. L., & Ranken, Н. В. Verbal coding 2 
redintegrative memory for shapes facilitate 110. 
naming. Psychonomic Science, 1968, 13, 10959 
Spiker, C. С. Stimulus pretraining and subseq' nt. 
performance in the delayed reaction experime 


Journal of Experimental Psychology, 1956, ži 
106-111. 


15, 
Psychological Керо" 


(Received July 19, 1971) 


Journal of Experi: У У 
Aot SREE grito 


ASSIMILATION AND CONTRAST EFFECTS IN VISUAL 
DISCRIMINATION BY RHESUS MONKEYS? 


MARTHA WILSON? 


University of Connecticut 


Sets of visual stimuli which differed on one of three dimensions, length, orienta- 


tion, or densit 
cedure. It we 


were judged by 12 rhesus monk 
s found that the discriminability of any pair of stimuli was a 


in a paired-comparison pro- 


function of two factors: the physical distance between the stimuli and the 
relationship of the stimuli to the adaptation level of the series. The results 
point to categorical perception in a nonspeech mode, independent of identifica- 


tion training. 


бре тоа: deal of evidence suggests that a 
8 ^x сша decoder is required for 
Speech ysis of speech as opposed to non- 
Borical stimuli. The existence of cate- 
indicat perception has been taken as one 
volved i that a unique mechanism is in- 
ресс їп the encoding and decoding of 
за stimuli (cf. Liberman, Cooper, 
B Aen, & Studdert-Kennedy, 1967, 
Ин comprehensive review). . Several 
questi experiments have examined the 
Sion of whether categorical perception 
and were stimuli can be demonstrated, 
e: a problem has been taken as critical 
Ely, а the theory referred to 
(i Although the experimental condi- 
ies were: almost identi cal, two studies 
apnea рша contradictory results. It 
study yes Cross, Lane, and Sheppard 
of sti 965, Exp. П) that discrimination 
E muli in two different categories was 
er than that within either category. 
poter study, which attempted to repro- 
н this result, failed to find superior 
y Teategory as opposed to intracategory 
1999. "ination (Parks, Wall, & Bastian, 
9). Both studies used verbal labels to 
define the two categories. 
The results presented here arose from 
*"ntirely different considerations. Sets of 
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This research wa 


visual stimuli on three dimensions were 
judged by rhesus monkeys so that per- 
ceptually equivalent, unidimensional stimu- 
lus sets could be constructed. However, 
the results also provided evidence for 
categorical perception in a nonhuman 
primate in a nonspeech mode. 


METHOD 
Subjects. —Twelve sophisticated rhesus monkeys, 
previously trained on visual object and pattern 
discrimination, were used as Ss. Of the original 
sample of 14, 2 failed to learn the initial phases and 
were discarded. 

Apparatus.—Testing was done in a Wisconsin 
General Test Apparatus (WGTA) with a stimulus 
board having foodwells spaced 32 cm. apart. 
Stimulus sets for cach dimension consisted of 10 
white cardboard squares, 6.5 cm. on a side, with an 
appropriate figure centered on each card. These 
were covered with transparent plastic. Two iden- 
tical sets were constructed and were interchanged 
frequently during testing. All stimulus figures were 
bars, 4 mm. wide and were outlined in black 
Chartpak tape, in. wide. Stimuli were con- 
structed from Letratone printed papers. The two 
dimensions not varied in a given set were made 
constant at the middle values of these dimensions. 
Stimulus values are given in Table 1, and repre- 
sentative stimuli are shown in Fig. 1. 

Procedure. —Monkeys were given 30 trials/day 
with a raisin reward for choosing the correct stimu- 
lus. First, Ss were trained to choose between 
Stimulus 1 (+) and Stimulus 10 (—) on a given 
dimens; эп to a criterion of 28 correct in 30 trials. 
Then all 10 stimuli were presented in a paired com- 
parison design. The stimulus in a pair that was 
closer to the positive stimulus in training was 
rewarded. Each pair was presented two times, 
making a total of 90 judgments by each monkey on 


The reward contingencies were inadvertantly 
reversed on the density dimension, so that Stimulus 
1 was avoided rather than approached. 
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TABLE 1 


PHYSICAL VALUES ОЕ STIMULI IN THREE 


DIMENSIONS 


Stimulus value 


Dimension | 10 
1 $ | 3 | 4 | 5 | 6 | 7 | 8 9 |88 
| | - 5 5.5 
Length (cm.) | 1.0 15 | 20 | 25 | зо | 35 | 40 | 45 UM 90 
Orientation (degrees) | 0 10 20 | 30 | 49 | 50 | 60 70 30 23 
Density (lines/em) | 30 | 40 | 48 | 62 | 95 | 125 | 15.8 | 19 aA _ 


cach dimension. Every stimulus 
often, once in each position for 
quasirandom order of presentation insured that no 
particular stimulus value was presented on 2 suc- 
cessive trials, and neither position was rewarded on 
more than 3 successive trials. АП monkeys judged 
the three dimensions in the same order: length, 
orientation, density. 


appeared equally 
а given pairing. A 


STIMULUS 3 


STIMULUS в 

Fic. 1. Representative stimuli on (, 
(B) orientation, and (C) density dimensions, (The 
two dimensions not varied in a given stimulus set 


were kept constant at the middle value of those 
dimensions.) 


A) length, 


RESULTS d 
ly 
The proportion of choices of the ren 
stimulus in each pair was pale 
all monkeys and the scale value © nes 
stimulus in the set, based on Thue 
Case V, was derived as shown in Gul are 
(1954). The scale values obtaine the 
shown in Fig. 2. The algebraic signs 0 cale 
scale values are retained since the ica 
value of 0 represents a true psycholog 


ach 
; 


The 
Zero (cf. Guilford, 1954, p. 171). » of 
stimulus which is given a scale value 1) 
thus represents the adaptation level 064): 


or neutral point of the series (Helson, | 
ТЕ was noted during testing that те 
Sponses to pairs in which the stimuli ore 
closely spaced Seemed to be correct ir in 
aes when the they 
ар" 


pe 


re 
e 


stimuli were somewh 
middle of the range than when 
Were at the extremes, Since a first us 
proximation to the AL for a stimu re 
series without an anchor is also somewhe 


—LENGTH 


"ORIENTATION 


DENSITY 


1 2 жао њ ге 
STIMULUS. VALUES 

` E НИС imen- 

Fic. 2. Scale values of 10 stimuli in each di 

sion derived from paired comparisons. 
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in the middle of the stimulus range, it 
Seemed worthwhile to explore the possi- 
pu that this phenomenon depended upon 
relationship of the stimuli to the AL. 
E to an analysis of performance in 
а Pus factors: the number of steps 
Enn stimuli in a pair, and the 
Es Ship of the stimuli to each other 

„erms of the AL for the series. 
m ot піра] point for each dimension is, 
Yields а тача that stimulus value which 
isus E oma value of 0 on the stimulus 
were el = value curves. Stimulus pairs 
stimuli ES BA into those in which both 
айо S ses on the same side of the AL 
ә б: raic sign) апа those in which 
uli were on different sides of the 


Puted lor each number of steps of separa- 
uo orien the stimuli. . For example, 
the tt separations ol stimuli lying on 
ut. e side of the AL for length (Stimu- 
Were ene 3; 2 vs. 4; 3 vs. 5; 7 vs; 9; etc.) 
„compared with two-step separations 

s vp og lying ‘on either side of the AL 
step Ж ; 6 vs. 8). This was done for all 
Ens ле дани from one to five: these 
Pairs sd all of the possible stimulus 
е aithe which a given step difference could 
r on one side or both sides of the AL. 


LENGTH 


— 5АМЕ SIDE OF AL 


"BOTH SIDES OF AL 


PERCENTAGE CORRECT RESPONSE 


1 2 


ORIENTATION 
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The results of the analyses are shown in 
Fig. 3. In all three dimensions, with the 
exception of one unexplained value for 
length, and one for density, there is a 
striking improvement in discriminability 
of stimulus differences when the stimuli 
lie on opposite sides of the AL. For ex- 
ample, a stimulus difference of 209 in 
orientation on one side of AL was not 
discriminable (p — .53), while the same 
difference was clearly discriminated (p 
= .65) when the stimuli lay on opposite 
sides. There is a tendency for the differ- 
ences in discriminability to become smaller 
as the steps get larger. However, if only 
the smaller stimulus steps are considered, 
the results appear to approach categorical 
perception. The overall difference ђе- 
tween the two kinds of stimulus pairs 
is significant for length (x? = 13.26, p 
« .001), orientation (x? = 20.83, p « .001), 
and density (x? = 10.40, p < .01). The 
better discrimination noted in the middle 
of the range is thus seen to depend upon 
the way in which the AL structures 
the dimensional perceptually. Further- 
more, equal sense distances derived from 
average discriminability may mask the 
differential sensitivity to stimulus differ- 
ences that exists in different parts of the 
stimulus range. 


DENSITY 


3 s 5 1 2 3 4 5 


STIMULUS DIFFERENCES IN STEPS 


Ето. 3. Percentage of correct choices as 


between the stimuli, and the relationship 


a function of the physical differences 
of the stimuli to the adaptation level. 
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DISCUSSION 


These results show that the perceptual 
characteristics of stimuli depend upon their 
relationship to the prevailing AL for stimuli 
in that universe. It has previously been 
shown that the identifiability of a visual 
stimulus depends upon its psychophysical 
distance from AL (Wilson, 1971): these data 
show that the discriminability of stimuli also 
depends upon the way in which the AL struc- 
tures the stimulus set. 

The relevance of these data for the question 
of categorical perception in a nonspeech mode 
is obvious. The neutral point divides the 
stimulus set into two categories, longer/ 
shorter, denser/less dense, etc., and discrimi- 
nation within categories is more difficult than 
between categories. These effects have been 
studied as contrast and assimilation effects, 
and their dependence upon a single underlying 
mechanism has been clearly spelled 
(Helson, 1964). 

While the AL can be changed by variations 
in stimulus input, the absence of an explicit 
anchor in the Cross et al. (1965) experiment 
makes it likely that their stimulus continuum 
was divided in the middle of the stimulus 
range. This could explain the differences in 
discriminability obtained without the neces- 
sity of invoking the identification 
On the other hand, since there were only four 
stimuli in the set, the two extreme stimuli 
should be highly identifiable, while the two 
middle stimuli should be highly discriminable. 
This would lead to the result obtained by 
Parks et al. (1969). Only with a larger number 
of stimuli, as in the present experiment, should 
differences in intra- and intercategory judg- 
ment be obvious. 

These data provide evidence for tendencies 
toward categorical responding in a nonhuman 


out 
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à 
primate which are totally independent E 
identification training. The effects can d 
explained in terms of AL theory, which pos ү 
lates a labile, stimulus-sensitive, interval lev 
to which stimuli are referred. This ~ 
mechanism appears superficially to be к 
different order than that responsible € 
invariances characteristic of speech decoding; 
However, one could speculate that RE 
perception is categorical because the Wi. 
tinuous articulatory mechanisms ери 
speech production provide extreme and s 
anchors to which speech stimuli sre M 
lated. On this view, speech production he 
perception are intimately associated, aS Ni 
motor theory suggests, but via а percep ech 
mechanism that with nonspe 
perception. 


is shared 
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BINOCULAR RIVALRY SUPPRESSION 


DURATION AND MAGNITUDE OF SUPPRESSION ! 


ROBERT FOX? лхо RONALD CHECK 


Vanderbilt University 


The elevation in threshold for test-probe stimuli presented to the eye during 
phases of suppression reveals an inhibitory effect of binocular rivalry (the 
suppression effect). Heretofore, tests of the suppression effect have been 
limited to stimuli presented at the start of suppression. This experiment 
examined the relationship between magnitude of the suppression effect and 


duration of suppression phases by presenting probe stimuli at representative 
temporal intervals throughout suppression phases. Using three trained 


Ss, 


forced-choice form recognition thresholds were obtained for three temporal 
points after onset of suppression. The results of all Ss indicate that recognition 
thresholds are significantly raised by an equal amount at all temporal points. 
These data do not support rivalry models that assume correlation between 
magnitude of suppression and suppression duration, and they suggest that 
magnitude and duration are controlled by separate mechanisms. 


Elm cardinal characteristic of binocular 
poten; 5 the phenomenal suppression of 
вып for durations on the order of 
erful es i 5s would be surprising if the pow- 
Чоп зу n Чогу process implied by suppres- 
main б confined to the phenomenal do- 
рй ап | did not exert more general effects 
в) ол Evidence in favor of more 
© tain к eria effects has recently been 
leret using the test-probe paradigm, 
fesses io relative fate of a test stimulus 
Pression | to an eye during. phases of sup- 
АП) inst and phases of dominance provides 

irect measure of the effect of sup- 


Dress; ps А 
ү ssion, The data from such experiments 
`8. Fox & Check, 1966, 1968; Wales & 


op 1970) reveal that the energic threshold 
Pressi visual system is raised during sup- 
ri ag on the order of .5 log unit. This 
in ре Чоп, Which represents a true reduction 
1 Sensitivity, is referred to as the suppres- 
Sion effect, 
4 Tt is not known whether the suppression 
5 *ct endures throughout the duration of 
le phase of suppression since test probes 
Nave always been presented at the start of 
Phases of suppression and dominance. Тће 


Purpose of the present experiment was to 
5 1 This research was supported іп part by United 
» tates Public Health Service Grant EY 00590 to the 
Senior author. 
. * Requests for reprints should be sent to Robert 
Fox, Department of Psychology, Vanderbilt Uni- 
Versity, Nashville, Tennessee 37203. 


obtain direct evidence on that point by 
presenting test probes at various temporal 
points within suppression and dominance 
phases. 

There are three hypotheses concerning 
the relationship between phase duration 
and the magnitude of the suppression effect 
that can be reasonably considered. To faci- 
litate discussion of these hypotheses, it is 
helpful to conceptualize suppression in 
terms of a hypothetical inhibitory pulse 
that acts to raise the threshold of the affer- 
ent channel by some amount and thereby 
induces phenomenal suppression. Тће 
pulse may be conceptualized as a single 
pulse of several seconds duration or as the 
envelope of many pulses or brief duration. 
Тће magnitude of suppression corresponds 
to the height of the pulse and the duration 
of suppression corresponds to the width of 
the pulse. 

Тће first hypothesis, which will be re- 
ferred to as the “correlative hypothesis,” 
involves the assumption that variations in 
the duration of suppression phases reflect 
variations in the magnitude of the suppres- 
sion extant during a particular suppression 
phase. In the first version of this hypothe- 
sis, whose wave form is illustrated in Fig. 
la, it is assumed that the magnitude of 
suppression is maximum at the beginning 
of the suppression phase and then declines 
throughout the phase, reaching a level 
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Fic. 1. Hypothetical inhibitory 
based on the four hypotheses. 
b represent two versions of the 
sis; Wave Form с, the 


pulse waveforms 
(Wave Forms a and 
correlative hypothe- 
constant hypothesis; Wave 
Form d, the transitory hypothesis. The dotted lines 
represent the assumption that phenomenal suppres- 


sion continues after inhibition has become negligi- 
ble). 


where suppression is absent and the 
nomenal state chang 
iations in the initial 
sion would produce 


phe- 
es to dominance. Var- 
magnitude of suppres- 
concomitant variations 
in the time required for its decay, and these 
variations in decay would correspond to 
variations in the duration of suppression 
phases. This kind of wave form would 
seem to be most compatible with a model of 
rivalry based upon reciprocal inhibition 
that would make assumptions about fatigue 
or adaptation processes to account for the 
shifts of phenomenal State between the eyes. 

A second version of the correlative hy- 
pothesis, illustrated in Fig. 1b, represents 
the assumption that the magnitude of sup- 
pression increases proportionally with the 
duration of the inhibitory pulse. On this 
wave form, increases in the peak magnitude 
of suppression correspond to increases in 
suppression duration. Both Wave Forms 
а and b are parsimonious in that they ac- 
count for suppression magnitude and dura- 
tion by one mechanism, yet each yields а 
different prediction about the magnitude of 
suppression that would be found at various 
temporal points within a suppression phase. 

An alternative to the correlative hypothe- 
ses is the "constant hypothesis," which in- 
volves the assumption that the duration of 
а suppression phase and the magnitude of 
the suppression effect are independent 


"TM 
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quantities (see Fig. 1c). The predic 
derived from this wave form is that ia 
magnitude of suppression is a c " 
value independent of the point of Ne 
the test probe within the suppression р the- 
| Finally, there is the "transitory pe the 
sis," which makes the assumption rin the 
suppression effect is present only du the 
beginning of a suppression phase, W! cou 
consequence that suppression effects ee 
be obtained only at the commencer, this 
Suppression. An attempt to depic evel 
wave form is shown in Fig. 1d. Заг Һеге 
the wave form concept is not so help Р i 
because no causal relationship is ns the 
instead, the assumption is made ession 
inhibition responsible for the supp pres 
effect is present only at the start of pne the 
sion. The derivative prediction 1s к 
Suppression effect would not be Поште ніп 
test probes presented relatively late ў / hy 
the suppression phase. The cid | 
pothesis seems most similar to the r^ ance 
of temporal inertial effects in the Ба 065). 
model of rivalry described by Levelt transi- 
The constant hypothesis and the njous 
tory hypothesis are both less puni ћу“ 
than either version of the correlative cis 
pothesis in that the constant hy p oat 
requires a separate mechanism for рше 
ing suppression and the transitory ћур [ог 
Sis requires one ог more mechanism? и, 
maintaining and terminating suppress! 


METHOD . 

one fe- 
erved n 
d inte 
sica 


Subjects.—Two males, DC and CM, and 
male, KK, ranging in age from 21 to 25 Xr 
paid volunteers, All Ss were highly practice 7 
porting rivalry and experienced in psychop а. 
observations. Тһе Ss DC and KK were hile CM 
garding the purpose of the experiment, wh! 
was not. 

The vision of each 5 was measured by ма 
Orthorater tests. The 5 DC had excellent orth 
rected vision, Snellen acuity 20/10, and was norma 
Phoric, while CM and KK had corrected tot or 
vision, Snellen acuity 20/25 or better, and = 
less than .5 prism diopter on tests of phoria. 

A pparatus.—The basic optical system wa 


шей 
cor^ 


s a large 


tic 
й sted from ОР' 

W heatstone-type stereoscope ERST тоге)! 
bench components. The left-eye an à. from. 


í Е ate т 
stimulus fields were 69 squares located 63 is ah field 
each eye. An accessory optic channel in SEE on 
permitted optical superimposition of test s 


f i рага” 
the plane of the rivalry targets. The entire арі 
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n шше light baffles and septum, was enclosed 
Nas мө ight-tight housing. А set of trial frames 
Ned Sind mounted at the viewing рогі; these 
truded = with 2-mm. artificial pupils with an ех- 
се ы section that located the physical 
refractiy aie ове as possible to the cornea and with 
Sub ED enses for CM and KK. Either a chin 
ocated ше ога biteboard assembly was also 
and ther the viewing port. The stimulus holders 
readily Mahe components of the stereoscope were 
tained is [ане so that fusion could easily be ob- 
The d peig by each 5 without strain. o. 
trated in qe veto of the rivalry targets is illus- 
isk was : ЈЕ. 2. Тће target with the black center 
and to a resented to the left eye for CM and KK 
edges dies right eye for DC. Beyond the outer 
Peripheral surround of each target was black. The 
of the in SOTIEENITEIC rings served to maintain fusion 
center die s W hen the targets were fused, the 
of these А S were coincident, and it was the rivalry 
1 argets that Ss reported. 


Еепеоц eets, a combination which yielded homo- 
~ous White areas within the clear portions of the 


In the stereoscope aper- 
sheets were transilluminated by 
targets E The luminance level of the 
or each Se at the viewing port, 5 varied 
M, the | PY means of neutral density filters: For 
target na u minance levels for the white areas of each 
D ere .32 (right eye) and .38 ftl. (left eye); 
these Va све values were .43 and .29 ftl. ; for KK 
were ай Цев were 1.36 and 2.55 ftl. The values 
prgq Pied among Ss and between eyes in order 
equal due suppression phases of approximately 
esi: ration for each eye and of sufficient length 
Lumina probe presentation at all temporal points. 
with Pipa was measured and checked periodically 
PR), Г ritchard Spectra photometer (Model 1970- 
h leui pically, luminance levels were chec xed at 
Monitor; E port before each experimental session. 
Within SUE measurements of the rivalry displays 
отек а session were made with a Macbeth Шитіп- 
г. 
sion Obtain recognition thresholds under suppres- 
able je dominance, any one of four equally prob- 
On the d forms (A, N, T, and U) was superimposed 
arate disks of the rivalry targets for brief 
subtended „Гће letters were of pica-style type; each 
These di 22 visual angle at its extreme dimension. 
де ви al were constructed of the same mater ls 
letter á salty, targets. Ww hen transilluminated, the 
ro di Peared as а white outline form against the 
The of the rivalry target disk. 

beo lamp driver and timing units of a modular 
Келед oe system (Scientific Prototype Manu- 
пе Corporation, Model Н) were used to 
‘i ansilluminate each letter form for controlled brief 
панела; Specifically, the lamp driver controlled 
ne duration of a pair of gas discharge lamps (mer- 
cury vapor argon with a magnesium tungstate phos- 
Phor), the lamp for each eye being mounted in a 


ко 
со 
wn 
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SIZE AND DESIGN OF RIVALRY STIMULI 


Fic. 2, The achromatic rivalry displays. (Test stim- 
uli appeared in the center of the innermost disks.) 


separate lamp house. ‘These lamps were selected 
from a large sample on the basis of their firing char- 
acteristics (i.e., sharp square wave and reliability). 
Within each lamp house, a lens collimated and mag- 
nified the light beam, the magnification serving to 
eliminate luminosity gradients in the beam. Di- 
rectly in front of this lens, a set of neutral density 
filters was serially aligned. Outside each lamp house 
and in the optic path of the light beam, the four let- 
ter forms were located on a rotatable wheel so that 
each form could be rotated into position as desired. 
The positioning of each letter form was accomplished 
by a detent locking system that ensured that the 
letter forms would always appear in precisely the 
same position on every presentation. The duration 
of each lamp firing was controlled by solid-state 
timers whose absolute calibration and repeat ac- 
curacy were checked and monitored by an electronic 
counter (Hewlett-Packard, Model 5233L). The wave 
form for the flashes of both lamps was periodically 
examined by an oscilloscope (Hewlett-Packard, 
Model 120A). 

"Three solid-state timers were used to provide for 
three different time delays between the start of a 
rivalry phase and the presentation of the test form. 
On a given trial, a single switch (under E's control) 
selected the appropriate timer and lamp (i.e., eye). 
Simultaneous with the onset of a lamp, 5 received a 
brief auditory signal (1,000 Hz., .1 sec.), which in- 
formed him that he must make a forced-choice re- 
sponse. Ап Esterline-Angus event recorder equipped 
with an auxilliary high-speed drive was used to re- 
cord the duration of suppression and dominance 
phases. Two clocks (Hunter klockounters) mea- 
sured the durations of the one or two rivalry phases 
involved in every trial. E 

То report continuously on rivalry alterations and 
to initiate the presentation of the test stimulus, S 
operated a telegraph-like key whose output was con- 
nected both to the event recorder and to the logic 
circuitry that controlled the tachistoscope lamp 
stem. To report his forces response, S used four 
pushbuttons corresponding to the four letter forms. 

A moderate level of noise was delivered to S 
through stereo headphones to mask the sound of ro- 


ано f the stimulus wheels and other incidental 
noises. s 

Design and procedure.—The general design of the 
experiment was to measure differences in forced- 
choice form recognition thresholds between suppres- 
Sion and dominance states at three temporal points 
of onset of the test stimulus within the suppression 
and dominance phases. Тће first step was to estab- 
lish, for each 5 individually, stable recognition 
thresholds under nonsuppression conditions that 
would yield correct detections in the range of 70%- 
80% by manipulation of the duration and luminance 
of the test stimulus. The range of durations was 
30-65 msec.; the range of luminances was 1.4-4.4 
ftl. During this phase, the eye under test viewed 
the rivalry target appropriate to that eye and the 
test forms were superimposed against the centr; 
disk of the rivalry target; the other eye viewed a 
homogeneous contour-free field whose luminance 
Was the same as the white Portions of the rivalry 
target appropriate for that eye. It should be noted 
that this binocular combination did not produce 
patent rivalry; the rivalry target was alway domi- 
nant. During the establishment of these thresholds, 
the conditions simulated in some ways those present 
during the actual rivalry conditions. Specifically, 
Ss initiated their own trials, they remained somewhat 
uncertain about which eye was going to be stimu- 
lated on a given trial, and the а priori probability of 
occurrence of any one of the four letter forms was .25. 
In other research, it had been established that these 
four letters were equally discriminable in terms of the 
percent of correct recognitions, а finding which зу; 
verified during the threshold-setting phase 
present experiment, 

The second major task prior to form; 
tion was determination of th 
suppression and dominance I 


objective was the presentation of the test stimulus 
at (a) an early onset point, where the probability of 
change of state (PCS, probability that a state of 
suppression would change to a state of dominance, 
and vice versa) was low, on the order of .05, (Б) a 
late point, where the PCS was .50 or greater, and 
(c) a third point that fell somewhere between the 
early and late points, а so-called middle point. 
Estimates of duration were obtained from 60-sec, 
observation periods during which Ss reported con- 
tinuously on the phenomenal status of the 53 
rivalry targets. The rivalry between these disks 
tends to be unitary, with a negligible amount of in- 
complete states of dominance and suppression, The 
Ss were instructed to assume а passive attitude to- 
ward the fluctuations of rivalry and to assume a high 
criterion for rivalry change, signaling changes only 
when there was complete dominance or suppression. 
From the distribution of these durations, 


al 


as 
of the 


al data collec- 
е temporal duration of 
phases for each S. The 


decisions 
were made for each S about the most appropriate 
points for presentation of the test stimuli to repre- 


sent the early, middle, and late point 

The goal was to present the test 
within the duration of the suppre 
nance phases that would permit аг onable test of 
the relationship between suppression magnitude and 


imuli at points 
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: dividual 
duration. Although the duration of any jode 
rivalry phase is quite unpredictable, the dis oints O 
of rivalry phases allows the selection of р t prol 
onset that, on the average, represent eem Ho 
abilities of change of state. Thus p phase 
stimulus immediately after the beginning 2 а vides 
assures that the PCS is low (e.g., .05) ane Ме early. 
à measure of the suppression effect during t phase: 
portion of a suppression or dominen a parts 
Sampling the suppression effect during the his wou 
or phases poses greater difficulty. Althoug "dd 
have been ideal to select a late point where ctually 
was .90, instead of the PCS .50 late pon ad an 
used, variability in the duration of suppres P phases 
dominance phases would have produced fex cond! 
that met that criterion. Further, it sectis тега ade- 
to assume that a PCS of .50 would provide »ressio! 
quate indicator of a temporal trend in вир 
magnitude. = 

The temporal points selected for СМ des 2, 
middle, and late intervals were 560, xd ‚100, 
msec. For DC the respective values were i 
and 1,700 msec. For KK the values SUE 
2,150, and 4,050 msec. These temporal р БОЗ y 
based on the intial sample of rivalry anran criteri 
extent to which they met the intended 1 С- king ad 
during the experiment was determined by e out the 
ditional samples of phase durations through? addi- 
experiment. It became apparent when pe 
tional samples were taken that some departu™ 


arly, 
eal 0 


[rom 


ve was 
; 3 Н tit W 
the intended PCS values were occurring, Dt 


decided that these departures were not о actua 
to warrant chan; jmate! 
PCS values us 
from the 
lowing: 


ging the points of onset. > 
ed in the experiment, as е5 
amples of phase durations, were ve 
or CM, the early interval values W "m 
Suppression, .14 dominance; for the middle e for 
the values were ,21 suppression, .23 domina р й) 
the late interval, these values were .57 зарра were 
:37 dominance. For DC the respective Mi 
early, .01 suppression, .01 dominance; middle: 


res" 
suppression, .09 dominance; and late, 30 вир ев 
sion, .36 dominance. For KK the respective айе, 
were early, .10 suppression, .23 dominance; ж вир" 
suppression, .42 dominance; and late, - 
ssion, .67 dominance. 225 50) 
Since for the late temporal interval (I “ted to 
only half of the presentations could be aie it 
occur within the appropriate temporal categ 


ге. 
rval, 


п 
: equal пи 
was decided at the outset to accept Red the re- 
bers of stimulus presentations (trials) with res” 
striction th. 


at every temporal interval for ЫП at 
sion and for dominance for each S would onu e fre 
least 50 trials. То meet this requirement, t “three 
quency of presentations of stimuli for PS ex- 
temporal intervals was adjusted {йай signe 
periment. "urther, the procedures were odia 
to save presentations that fell in an inapprer те 
temporal interval due to а spontaneous cha fidet 
rivalry state; for example, а presentation К the 
for late suppression might actually occur phas 
middle interval of the subsequent dominance | огу: 
and therefore was counted in the latter ud on 
Such presentations could be classified becaus' 


| 
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each trial Ss reported on two successive phases of 
rivalry whose durations were sequentially recorded 
on the clocks. 

„The general procedure on each trial was as follows. 
СА инш reported, by means of his re- 
Eden ey, on the phases of rivalry. Following a 
nui a mined schedule, E selected the rivalry state 
Would е temporal interval in which the stimulus 
stimuli чы sened, Upon presentation of the 
diately м stopped reporting on rivalry and imme- 
ie that ine a forced-choice response about the let- 
cated a чаб been presented. In addition, 5 indi- 
em iE actual state of rivalry present at the mo- 
cepted ~ ЕПВ was presented. Trials were ac- 
Poststin, E y if there was agreement between S's 

лн ul us report and the state of rivalry signaled 

dE pone key. The number of trials discarded 
S Бе isagreement between these two methods 
Session А eg to be quite small. During a single 
Scheduler of the four letter forms was randomly 
of the the x appear at least three times under each 
sioù xu P temporal intervals for both the suppres- 
а lominance phases e x33 x 4). On 
phase ws rial, 5 was undertain about which rivalry 
val Tad. be stimulated and which temporal inter- 
аво be employed. То introduce uncertainty 
tional 1 
test, 


titudin E pecus trial was to minimize potential at- 
Over à al factors that may have favored one variable 
another, 

sisted Oh à prototypical or standard ses ion con- 
session, : 90 trials, the actual number of trials per 
ent ny E ied somewhat in order to provide a suffici- 
ana щш er of trials for all the temporal intervals 
letter.f order to maintain an equivalent number of 
trials Gn presentations. The total number of 
test) а mk trials pn ented to the eye not under 
trials олана over six в sions and the range of 
Intery, resenting a particular Rivalry X Temporal 
Simens as follows: For CM, there were 227 

0-407 on trials and 204 dominance trials, ranging 
231 а ; for DC there were 226 suppression trials and 
ware Ominance trials, ranging 73-83; for KK there 
trials 209 Suppression trials and 221 dominance 
н us 5, ranging 55-124. The intertrial interval aver- 
aged 10 sec.; after 45 trials Ss were forced to rest 
ог at least 10 min. 


RESULTS 


In Fig. 3, the percent correct recognition 
9r suppression and dominance for each of 

the temporal intervals is plotted for each 5 
Separately, The abscissa is the PCS for the 
three intervals for each .S. 

Тће data of each .S were analyzed separ- 
ately by an analysis of variance, the unit of 
analysis being the proportion correct within 
each of the six sessions for each of the tem- 
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Fic. 3. Mean percent correct recognition responses 
for each of the three temporal intervals for each S 
under conditions of dominance (D) and suppression 


(S). 


poral points and conditions of rivalry state. 
A test of homogeneity of variance (Fmax 
test) revealed that the data for none of the 
Ss was significantly heterogeneous. The 
terms tested by the analysis were sessions, 
rivalry state (suppression, dominance), 
temporal interval, and the Temporal In- 
terval X Rivalry State interaction. For 
each 5 the only significant term was the 
rivalry condition: For CM, F (1, 5) = 
19.10, р < .01; for DC, F (1, 5) = 17.09, 
P < .01; for KK, Р (1, 5) = 53.83, р < 
:001. For none of the Ss did the temporal 
interval or the Temporal Interval X Ri- 
valry Condition interaction terms approach 
significance (i.e., F < 1. 

Ап inspection of the graphs in Fig. 3 re- 
veals that for two Ss there is some tendency 
for the suppression effect to increase for the 
late temporal interval. For CM, the dif- 
ference in recognition between suppression 
and dominance increases by 10% from the 
early to the late temporal interval; for KK 
this increase was 8%. To determine if this 
trend approached significance, an addi- 


tional analysis of variance, using only the 
early and later temporal intervals, was per- 
formed on the data of each S. This analy- 
Sis revealed that while the suppression 
effect remains significant, there is no sug- 
gestion of significance for the temporal 
interval variable nor for the "Temporal In- 
terval X Rivalry Condition interaction. 
The F values for the rivalry condition vari- 
able are as follows: for CM, F (1, .5) = 
7.49, p < .05; for DC, F (1, 5) = 18.43, 
b < 01; for KK, Е (1, 5) = 30.07, р < 
.005. For the temporal interval term: 
For CM, F < 1; for DC, F< 1; for KK, 
F (1, 5) = 248, р < .20. For the inter- 
action term, F < 1 for all Ss. Both the 
analyses using all three temporal intervals 
and the analyses using two temporal inter- 
vals were performed on the untransformed 
portions obtained within each session. 
Identical analyses were performed on the 
data after an arc-sine transformation; the 
results were essentially identical to those 
just described. 

То determine if differences in discrimin- 
ability of the letter forms and differences in 
the proportion of letter forms presented 
could have played any role in the results 
obtained from each S, a complete analysis 
of the occurrence of each letter form under 
each of the conditions of temporal interval 
and of rivalry condition was made for each 
each S. These analyses revealed that the 
letter forms were equally discriminable 
among themselves for both dominance and 
suppression and, further, that each 5 re- 
ceived approximately the same number of 
letter forms over all conditions, 

With respect to the decline of perfor- 
mance at the late temporal interval, which 
was exhibited by CM and KK, even though 
it is not significant it is possible that the 
decline can be attributed to a lowering of 
attention. All Ss reported that they felt 
most alert at the onset of a phase and then 
less so as the phase continued unbroken by 
the presentation of a test stimulus, 


DISCUSSION 


There is no doubt that recognition perfor- 
mance under suppression is significantly im- 
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paired relative to performance under dominance. 
The magnitude of the impairment is similar E. 
that observed earlier for the same kind of we 
by Fox and Check (1966). It is of e 
that the magnitude is similar to that found 4 
Eriksen and his colleagues (e.g., Priks 
Collins, 1965) for visual backward mas n 
using a forced-choice letter-recognition. Ps 
digm very similar to the one employed in Ü 
experiment. m. 
With respect to the theoretical implication’ 
of these data, the version of the сопа 
hypothesis represented by Wave Form He 
the transitory hypothesis represented by ү nee 
Form d receive no support. Both hypot E 
require a decline in the magnitude of the ^ e 
pression effect, and this is definitely not © 
сазе, even when the phase durations es 
sufficient length that the probability of term 


a п x the 

ation of suppression is greater than DU 

case of CM, or of .75, the case of KK. nesis 
With respect to the correlative hypot nt 


represented by Wave Form b and the const 
hypothesis represented by Wave Form 6 
decision between them is not quite 59 ion 
equivocal. For, in accord with the assumpt о 
of Wave Form b, there is some suggestion in 
an increase in suppression with an increase sd 
duration for two Ss, But for both of these i 
the increase is not statisti ally reliable e 
the increase absolutely large. Iti likely trn 
the present experiment could have relia S 
detected differences in recognition performan a 
of 20% or more and, although a quantitati " 
formulation of the correlative hypothesis ШО 
resented by Wave Form b is not available, T 
Seems plausible to suppose that any reason? е, 
version of that model would have to prec? st 
increases greatly in excess of 20%, at lea 
for the latest temporal interval sampled. m 

These considerations rend the correlat V. 
hypothesis of Wave Form b so tenuous that » 
must be rejected. The data from all three inë 
indicate that the suppression effect кота = 
constant throughout the course of the suppre? 
Sion phase, an outcome completely consiste! 
with the key assumption of the constant id 
pothesis of Wave Form c. Buta note of caution 
is in order, in that acceptance of the constan 
hypothesis is tantamount to accepting the pns 
hypothesis, and the problem of accepting i 
null hypothesis by virtue of an insensitive ЄХ 
periment has been thoughtfully discusseC 
(Binder, 1963; Grant, 1962). Further, ihe 
Present experiment has employed only thref 
temporal intervals, and more than three woulc 


un- 
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Certainly have been desirable. Given these 
qualifications, the data fit the assumptions of 
аш hypothesis so well that it is nec- 
ae ie шде that the constant hypothe- 
e accepted. 
bet iae of the correlative hypotheses 
the M the magnitude. of suppression and 
у v of suppression cannot be ac- 
em. Or + a single mechanism. It is par- 
d ү un ortunate that no evidence жаз 
Nave a а, the correlative hypothesis of 
anticipat E а, Which is the one that would be 
Eun we ү оп the basis of a reciprocal inhibi- 
iy b redeo rivalry. Indeed, a priori, the 
the d hibition over time would seem to be 
cess lile Edi deep way for an inhibitory pro- 
Чат = ivalry to behave. But the present 
dns eit clear that this is not the way the 
Ee: Уе натып operates, and consideration 
nus OW ne given to models of rivalry that 
Pie ente mechanisms for the control of 
бг ihe, phase durations and for the magnitude 
Suppression effect. 
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Ina nine-group experiment, 126 human Ss were employed to ass 


ing and masking effects as 
conditions. The trainin 
differentially tr. 


ferential training along 


overall. Joint effects of training 
were shown to develop either e 
training and testing phases. 


A major purpose of multidimensional 
stimulus control studies has been to investi- 
gate how the components of the discrimina- 
tive stimulus exert control in combination. 
One group of studies, summarized by Cross 
(1965) and by Purtle and Newman (1969), 
have attempted to test some models de- 
Scribing the combined stimulus control of 
two dimensions. The Purtle and Newman 
study showed that the best descriptive rule 
of combined stimulus control was depend- 
ent upon the nature of the training proced- 
ure and the relative saliency of the two 
stimulus dimensions. Unless а stimulus 
feature of low saliency was specifically dif- 
ferentially reinforced during training, the 
more salient feature would overshadow the 
development of control by the less salient 
feature. The evaluation of these effects was 
derived from a testing situation during 
which each of the two dimensions were 
simultaneously varied. The simultaneous 
testing procedure was necessary for testing 
the models of combined stimulus control, 

Several investigators have warned that 


1 This research was reported at the M 
meeting of Rocky Mountain Psychological Associa- 
tion at Denver and prepared while the first author 
was on leave at New Mexico State University and 
The Center for Advanced Study in the Behavioral 
Sciences. К 

* Requests for reprints should be sent to Fred 
Newman, Box 8185, Department of Psychology, 
University of Miami, Coral Gables, Florida 33124, 
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both dimensions simultaneously. 
contrasted single-dimension testing along one 


presence of the S+ component of the other din 
ing along both dimensions. Simultaneous test 


y overshadow- 


a function of differential training and testing 
g conditions contrasted two counterbalanced groups 


ained along one of the two dimensions (the other dimension 
present, but nondifferentially reinforced) 


, with a third group receiving dif- 
Testing conditions 
of the two dimensions (in the 
tension) with simultaneous test- 
ing resulted in flatter gradients 


and testing were observed where some effects 
arly or late over the course of five alternating 


ү 


1 
the design of a test of stimulus oe 
could contaminate a view of the PM ће 
effects. In pigeon operant studies, ir 
presence of a salient component of ert" 
complex during testing along the dimens усе 
of a less salient feature masks the m—€— 
of control by the less salient comp, КЁ 
(Thomas, Svinicki, & Svinicki, 1 the 
Earlier articles had suggested that also 
structure of the testing situation me а 
modify control via learning derived Я & 
the experience of testing itself (Prokasy ve 
Hall, 1963). Most of the studies investig s. 
ing testing effects have used infrahuman "y 
Furthermore, most infrahuman agers 
tions have employed single-dimension te У 
in the presence of another salient feature ag 
S+, rather than the simultaneous (51028 
procedure, n the 

The present experiment investigates, as 
effects of using a single-dimension tes LÀ 
contrasted with a simultaneous test Ps 
cedure in evaluating combined гиши пе 
control Single-dimension testing alone de 
dimension took place in the presence of 9 
S+- component of the second dines 
Three training conditions preceeded cà А 
test : differential training where two poa А 
sions were redundantly relevant; aed 
ential training along the more salient a 
mension with the less salient componen” 
constant; and differential training along 
the less salient dimension with the more 
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salient component constant over positive 
and negative instances. Because of the 
imbalance in the saliency of the two dimen- 
sions, the design allowed for the evaluation 
of the “overshadowing” effects of training, 
the "masking" effects of testing, as well as 
à possible interaction. 

Another feature of the present study was 
that the negative training stimulus was 
fixed for all Ss rather than varied over non- 
S+ points along the two dimensions. In 
the Purtle and Newman (1969) study, a 
randomly varied S— was used between .Ss. 
By randomly varying S—, Purtle and New- 
man avoided inferential problems related 
to possible behavioral contrast or peak 
Shift effects. By fixing the location of S— 
Гог all Ss in the present study, the intention 
Was to evaluate these effects with humans 
in the instrumental training and testing 
Situation, 


METHOD 


Subjects. —The Ss were 32 female and 94 male un- 
ergraduate students in the introductory psychology 
Course at the University of Miami. While partici 
Pation was voluntary, it was rewarded with the pos- 
sibility of improvement in course grade. 

Designation of stimuliiAs was the in the 
earlier study (Purtle & Newman, 1969), the two 
Stimulus dimensions were angular orientation of a 
Tectangular aperature and tactile texture of sand- 
paper contained within the area of the rectangle. 

pecifically, when sandpaper discs of differing grit 
levels were held up behind at 12.7 X 101.6 mm. (3 
ха in.) aperture varying in angular orientation, а 
blindfolded 5 would feel a textured rectangle which 
could vary in either angular orientation, or texture, 
ог both. The results of the Purtle and Newman 
study, and the verbal reports of Ss in the present 
study, showed that the tactile texture cue was more 
salient than the angular orientation cue. 

The five grit levels of sandpaper were selected be- 
cause of their accessibility at local hardware stores 
(M brand, Grit No. 50, 80, 120, 220, and 320). 
Thirty Ss, not used in the regular experiment, were 
given the task of psychophysically equating distance 
along the dimension of angular orientation to per- 
ceived distance of Grit No. 50, 80, 220, and 320 from 
the Grit No. 120 sandpaper. The standard position 
of angular orientation was 45? clockwise, where ad- 
justments toward the horizontal represented "rough- 
er." The method of adjustment was employed and 
all adjustments were restricted to a single quadrant. 
The psychophysical task was a replication of the 
one done at another university by Purtle and New- 
man (1969). The results for the replication were 
(corresponding to the five grit numbers, low to high) : 
Angle 1, 23.39; Angle 2, 30.69; Angle 3 (the stand- 


ard), 459; Angle 4, 64°; and Angle 5, 71.4°. While 
there was some overlap among the four 95% con- 
fidence intervals, 4 of the 30 55 accounted for the 
variability that produced the overlapping intervals.* 
Thus, there were five textures (Tı to T; represent- 
ing grit numbers low to high) and five angles (41 to 
A;) for which simultaneous tests of stimulus control 
provided 24 stimulus pairs representing the two- 
dimensional array. 

А pparatus.—The sandpaper discs were mounted 
оп 6.35 X 127.3 X 127.3 mm. (1 X 5 X 5 in.) ply- 
wood panels. The discs were held up to and covered 
the 12.7 X 101.6 mm. rectangle cut out of the center 
of a standard 2-1Ь. plastic coffee can lid mounted 
onto a 2-Ib. coffee can with both ends removed (see 
Purtle & Newman, 1969). А white-noise unit was 
used to mask any discriminating sounds derived 
from movement of the sandpaper blocks. 

Design and procedure-—Forty-two Ss were as- 
signed to one of three training conditions: specific 
discrimination training to angular orientation (tex- 
ture T; present but nondifferentially reinforced); 
specific discrimination training to texture (angular- 
ity, As, nondifferentially reinforced); and nonspeci- 
fic discrimination training where both texture and 
angularity were differentially reinforced. The S+ 
compound was TsA; for all groups. The S— com- 
pound differed among groups, but not within the 
groups. When training was specific along the angu- 
larity dimension, the S— compound was ТзАз or 
ТА, (counterbalanced between half of the 42 Ss). 
Note that the texture value remains constant at Та 
over 5+ and S— instances for angle specific train- 
ing. Likewise, for specific discrimination training to 
texture, the S+ compound was T;A; and S— was 
either ТА; or TyA; (counterbalanced between Ss). 
The nonspecific discrimination training Ss had T;As 
as S+ and either Т.А or ТА, as the S— compound 
(again counterbalanced between Ss). The possible 
compounds of ТА and T4Ae were not used as S— 


instances. Table 1 summarizes the design. 

During a training phase, the blindfolded 5 was 
told to say ves whenever he “noticed this" test 
stimulus (directing S to reach his fingertips of his 
preferred hand forward in the cylinder and then to 
return his fingertips to the near edge) and to say NO 
whenever any other test stimulus was presented. 
An example of a No stimulus was then given. This 
was repeated three more times. "Remember, this 
is the stimulus you say 'Yes' to, . . . and this is an 
example of a ‘No’ stimulus." No mention of either 
dimension was made in the instructions. 

A test phase immediately followed the training 
phase. There were three testing conditions all con- 


3 There was a disparity between the results of the 
psychophys cal scaling study at Miami and that 
found in New Mexico by Purtle and Newman (1969). 
Specifically the two angles called “rougher” were 8.1? 
and 25.1° in the earlier study. We have no explana- 
tion for the discrepancy of results here. The stimu- 
lus judgments of the angles representing the 

smoother" direction were consistent with the earlier 
results of 62.7° and 72.1°, respectively. 
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TABLE 1 


EXPERIMENTAL DESIGN SPECIFYING THE NINE COMBINATIONS OF THREE 
TRAINING AND THREE Test CONDITIONS 


Test cond. 


Training cond, 


Angle varies Ts constant 


+ vary 
Texture varies As constant Both v 


Angel discrimination 


Training (A) 
ГА; vs. (T3A2 or T;A)* 


Test (A) 


Texture discrimination 


Training (T) 
ТА vs. (Т«Аз or ТА ај“ 


Test (A) 


Nonspecific discrimination 


Training (TA) 
TA; vs. (Т.А» or ТА.) 1 


Test (A) 


Training (A) 


| Training (А) 
| Тезї (Т) 
| 


Test (ТА) 


Training (T) 


Training (T) 
Test (T) 


Test (TÀ) 
Training (TA) 
Test (TA) 


Training (TA) 
Test (T) 


^ Counterbalanced between Ss, 
Note.—A = angle, T = texture. 


sisting of the sequential presentation of 25 test 
stimuli. For the simultaneous test condition, the 25 
combination pairs of the five textures and five angles 
were each presented once in random sequence. 
the single-dimension tests on angular orientation, 
each of the five angles was paired with T; five times, 
given in a random sequence of 25 test stimuli. Like- 
wise, for single-dimension tests along the texture di- 
mension, each of the five grits of s. 
paired with A; five times in a rando 
25 test stimuli. 

After S went through the 
period followed. An Sw, 
to refresh his memory a 
and NO stimuli, and then 


For 


andpaper was 
m sequence of 


test phase, a 2-min. rest 
as then told that Es wanted 
bout the nature of the ves 

the training phase followed 
by the testing phase was 


c £ was repeated. Overall, each 5 
experienced five relpications of training and testing. 


RESULTS 


The measure of S's tendency to respond 
to a particular test stimulus compound was 
defined as the number of yrs responses out 
of the five times which that stimulus com- 
ponent was presented in a random sequence 
of 25 presentations of test stimulus com- 
pounds. The scale for a single trial block 
of 25 stimulus presentations was, therefore, 
0 to 5. The average number of YES re- 
sponses on the first two blocks of 25 test 
trials were analyzed to represent the initial 
effects of training and testing. The re- 
sponse average on the last three blocks of 
25 test trials were analyzed to represent 
asymptotic performance, The synthesis 
of the data proceeds by first inspecting the 
asymptotic results, Trial Blocks 3-5, and 
then to inspect transitory effects shown in 
the analysis of the first two trial blocks. 

Last three trial blocks.— There were no 


significant differences in response average 
among any of the group partitions. е 
differences were reflected by analyses Pe! 
formed on between-group quadratic treno 1 
Because of this, the same information C^. 
be gleaned from the absolute gradients d 
can be found in the relative gradien E 
The absolute gradients of group аусгаво 
over the last three test trial blocks are Pre 
sented in Fig. 1. А. 
The overall effect of testing simultane” 
ously along both dimensions was to р 
duce a flatter graident than under sing 
dimension testing in the presence of the 5 
component from the untested dimension 
The interaction of the quadratic trend pet 
ponents under the two test conditions a 
significant for the angular orientation C! 
mension, F (1, 72) = 17.809, p < .001, ал 
for the texture dimension, F (1, 72) = 
23.162, р < .001. Б 
Under the simultaneous testing condition, 
the analysis of the last three trial blocks 
showed no differential training pe 
What was explicit in the results of the simul- 


ХАН statistical analyses of variance and trends 
were performed within one stimulus dimension an à 
notacross the two dimensions. While the precautior 
of psychophysical analysis may be a reasonable o 
we were simple not convinced that a method of a у 
justment would result in psychological distance [е 
tions which are isomorphic with the results of id 
generalization tests. There is certainly a long his- 
tory of data suggesting that a units (hypothesis 
effect would contaminate such distance functions in 


test of stimulus generalization (Mednick & Freed- 
man, 1960). 
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taneous tests was the relative saliency of 
the two stimulus dimensions under test. 
The overall quadratic trend over the five 
texture stimuli under the simultaneous test 
condition was significant, F (1, 72) — 
41.05, р < .001, and accounted for approx- 
imately 25% of the total within-S variance 
under the simultaneous test condition. 
While there was a significant quadratic 
trend along the angularity dimension 
under simultaneous testing, У (1, 72) 
= 3.95, p < .05, the trend accounted for 
less than 1% of the total, simultaneous test, 
Within-S variance. Differences between 
training group quadratic trends under 
Simultaneous testing along either dimension 
Vere all nonsignificant and collectively ac- 
Counted for less than .3% of the total 
Within-Ss variance. 

Single-dimension testing results, in the 
Presence of the 5+ component from the 
other dimension, appear in the upper two 
Panels of Fig. 1. The differential extent of 
Control along each of the two dimensions 
Was not as marked in the results of the 
Single-dimension testing as it was in the 
Simultaneous test. The overall quadratic 
trend across texture test stimuli was sig- 
nificant, F (1, 72) = 172.15, р < .001, and 
accounted for about 28% of the total 
(single-dimension test) within-S variance. 
Across the angular orientation dimension, 
the quadratic trend was significant under 
the single-dimension test, F (1, 72) = 63.66, 
b < .001, and accounted for about 15% of 
the total within-S variance. 

‚Опе may be tempted to accentuate the 
differences in percent of total (single di- 
Tension) within-S variance between the 
texture and angle quadratic trends. The 
difference developed because another fixed 
effect was sharing the total within-S (angle 
test) variance along with the overall quad- 
ratic trend. Specifically, the single-dimen- 
Sion angularity test of quadratic trends 
Showed a significant difference among the 
three training group trends, F (2, 72) 
= 24.44, р < .001. The Ss trained speci- 
fically to texture and tested along the 
angle dimension showed the flattest, al- 
though significant, gradient among the 
hree groups. The contrast of the texture 
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test stimulus over last three test trial blocks, pre- 
sented in a 2 X 2 display; Single- Dimension Testing 
(upper two panels) and Simultaneous Testing (lower 
two panels) X Angle (left panels) and Texture (right 
panels). 


trained group with the other two groups 
was significant, F (1, 72) = 13.15, P = 
.001. The proportion of total within-Ss 
variance accounted for by the Training 
Groups X Quadratic Test Stimuli inter- 
action was about 13%. These fixed effects 
together accounted for approximately 28% 
of total within-S variance on the angularity 
dimension, which was the same estimate of 
proportion found for the quadratic trend 
along the texture dimension. 

Trial Blocks 1-2. The test results along 
the testure dimension on the first two trial 
blocks paralleled that which was observed 
on the last three trial blocks. The simul- 
taneous testing procedure produced flatter 
gradients than did the single-dimension test 
procedure, / = 7.037, p < .01. When con- 
trasting the overall texture quadratic 
trends observed on the first two trial blocks 
with those observed on the last three trial 
blocks, a significant increase in quadratic 
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components was found, F (1, 72) — 4.759, 
P < .05. Finally, with regard to the more 
salient texture results, no training group 
effects or Training Group X Test Pro- 
cedure interactions were observed during 
the first two trial blocks, or across trial 
blocks (see Fig. 2). 

For the less salient feature, angular ori- 
entation, several effects varied as a func- 
ton of trial blocks. While there was a 
general steepening of the texture gradients 
over trial blocks, no such overall tendency 
was observed along the angle dimension, 
F (1, 72) = 1.483. There were, however, 
Some subgroup changes over trial blocks. 
The most important change in quadratic 
trends was observed under the single-di- 
mension angle test. The quadratic trend 
component of Ss specifically trained to 
texture remained about the same over trial 
blocks, while there was an increase in the 
magnitude of the quadratic trend compon- 
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els) X Angle (left panels) and Texture (right 
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ents for the two angle training groups. ba 
specific contrast of the quadratic s 4 
components reflecting these bar 
was significant, F (1, 72) = 5.103, P E ve 
Thus, the training groups effect obser 
on the last three trial blocks under the E 
ditions of the single-dimension test W ia 
not observable during the initial tr 
blocks. H 
Under the conditions of the simultani 
ous test, no increases in the angle gradien 
were observed. In fact, the slight but “a 
able angle gradient observed by the TE 
dundant-cue (angle and texture) Pu 
Ss in the first two trial blocks, Ё (1, M 
= 4.779, р < .05, flattened and ше 
significant for the last three trial blo 
F (1, 72) — 1.368. 


DISCUSSION 


«s com- 
А prospective of how the present results en 
pare with the data of the Purtle and NEN по 
(1969) study ought to preceed a discussio ob- 
theoretical implications. The gradients i 
Served under the simultaneous testing nudi 
tion in the present study appear to be NE 
flatter than those observed in Purtle and likely 
man. The flatter gradients were very нА for 
due to the fixing of S— one unit from 5 rlier 
all Ss in all groups, whereas S— in the en re- 
study could have been one or two aene 
moved from S+. In any event, the com a, 
effect of the Present study's training р 
dure, common to all groups, and the simulans 
ous testing procedure results in flatter grade 
with no reliable effects of training. The зде 
able training effects were only observed ке less 
single-dimension testing of control by pet ts 
salient angle feature. Overall, ЕЈ valance 
showed that there can be a fragile eee 
among the factors of cue saliency and ерт 
procedures. The fragility of such balane 
ommends that multidimension айаш ealt 
trol model testing may be even more ls ad & 
than Sutherland had suggested (Sutherlar 
Mackintoch, 1971). ‘sned (0 
While the present study was not designe and 
investigate the models discussed by Purtle the 
Newman (1969), the test of the models Е 
Simultaneous test results was informa de- 
The dominance model provided the best al 
Scription of combined stimulus control vat 
three training groups. The earlier study 10 m 
that specific angle training overcame the agle 
balance of cue saliency and allowed the ang 
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feature to compete with texture. The training 
procedure used in the present investigation ap- 
parently precluded the development of angle 
contol in the simultaneous testing group. 
{ here may have also been some effect of dif- 
ii ue resulting from a change in the psycho- 
го angle-texture scale (sce Footnote 3). 
Ps hoc analyses did not reveal any Counter- 
alancing X Training effects. 
ha А {Шешу їп establishing stimulus con- 
ade he present study, relative to Purtle and 
elite i n 969), provides some interesting in- 
Rid 4 regarding the interplay of cue saliency 
tr йш procedure ЖШН were not af- 
Balsa a earlier efforts. The exposition of cue 
bast ~ ant training procedure interaction was 
salient poses by using the results of the more 
Deis URBANA texture, as the referent of 
tati ance for the less salient angular orien- 
ion dimension. 
E ne texture cue was certainly the more sali- 
Hr Ше of S4- and, as one might expect, 
by е control was not differentially affected 
While’ sag of the specific training procedures. 
Eum T he busier simultaneous testing proce- 
eden 4 flattened the texture 
hrs oo ; the pervasive control by the S+ tex- 
ressis жш was never in doubt. T he pro- 
tom Eh Lee seg Nes the texture gradients 
ing Sed y to late trial blocks, under both test- 
eer ae suggested a general effect de- 
testin y those aspects of the training and 
g procedures common to all groups. 
pon inspecting the result of tests along the 
jme nz angle dimension, some groups 
testitre Performances similar in form to the 
me a and others did not. First, sig- 
Served angle training effects меге only ob- 
ae [ийе the single-dimension angle tests. 
inns. id one can conclude that the simultane- 
Bots esting condition did mask" training ef- 
ома Егот а methodological viewpoint, de- 
lied] strong training differences would be 
of me to overcome possible masking effects 
à simultaneous test procedure. 

Ж жон. interesting results were the differ- 
frol i effects of the training procedures on con- 
Condi the less salient angle feature under the 
Xs P of the single-dimension angle test, 
grot he S+ texture component present. Two 
simile. UR а steeping ol the angle gradients 
Salient | |; hat which was observed for the more 
буун exture gradients. The two groups 
fom is = increased level of angle control 
trained Y to late trial blocks were those Ss 
trained specifically to angle and those Ss 
redundantly along both angle and tex- 


less 


ture dimensions. The parallel of angle and 
texture gradients in these two cases was not un- 
expected. Specific training to angle along with 
the repeated angle testing experience was prob- 
ably sufficient for the angle cue to exert in- 
creased control paralleling the increased con- 
trol exhibited by the more salient texture cue. 

Angle control by 5s specifically trained to 
texture (angle S+ feature constant during 
training) was exhibited under the single-dimen- 
sion angle tests (texture S+ feature constant 
during testing). For the initial test trial blocks, 
the angle gradients of the texture trained 55 
was not noticeably different {тот the angle 
trained Ss. The differential training effect for 
the single-dimension angle testing data was 
statistically significant over the latter part of 
testing. What was observed was a steepening 
of the angle gradients by the specific angle 
training groups, and not by the specific texture 
trained Ss, The relative stationary mainten- 
ance of angle control by texture trained Ss was 
most likely a function of the angle testing pro- 
cedure itself rather than by the nondifferential 
angle training procedure. It was likely that a 
number of additional angle test trial blocks 
would have steepened the angle gradients for 
the specific texture trained Ss; but that would 
only be because of refinement of that which was 
initially learned during single-dimension angle 
testing. For a more salient cue (e.g., texture), 
differential training or testing would not be as 
crucial. Indeed, the results of the present ex- 
periment suggested that such factors were not 
crucial for the establishment of control by the 
most salient texture feature. 

For the less salient feature, angle in the pres- 
ent case, the development of control can occur 
more effectively under a differential training 
procedure. A less efficient vehicle of estab- 
lishing stimulus control, but nevertheless ef- 
fective, would be by employing single-dimen- 
sion testing of control by the less salient cue in 
tandum with nondifferential reinforcement. 
In terms of the present human 5 experiment, 
the alternation of the nondifferential angle 
training (and differential texture training) pro- 
cedure with single-dimension angle testing very 
likely alerted Ss to the relevance of the angle 
feature of S+. As such, a reasonable explana- 
toin of the present results could be developed 
from the hypothesis learning construct pro- 
posed by Levine (1971). On the other hand, an 
animal selective attention model, such as the 
one described by Sutherland and Mackintosh 
(1971) can also be employed as а theoretical 


base of explanation. In order for the Suther- 
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land and Mackintoch model to be effective in 
the present case, however, the model must inte- 
grate the structure of the tests of stimulus con- 
trol as an integral art of the learning and/or 
stimulus selection process. Within the context 
of the present experiment, joint consideration 
of both the training and the testing procedures 
а5 part of learning processes was clearly rea- 
sonable. We would also maintain, as Prokasy 
and Hall did in 1963, that the same integration 
is required in most animal studies of multi- 
dimensional stimulus control. The segrega- 
tion of overshadowing as a training effect and 
masking as a testing effect, in this light, is 
probably inappropriate. 


REFERENCES 


Cnoss, D. У. Metric properties of multiple stimu- 
lus generalization. In D. I, Mostofsky (Ed.), 
Stimulus generalization. Stanford, Calif: Stan- 
ford University Press, 1965. 


L. WASHBURN, AND R. B. PURTLE 


Levine, M. Hypothesis theory and none Шр 
despite ideal S-R Reinforcement contingencies. 
Psychological Review, 1971, 78, 130-140. m 

Mepnick, 5. A., & FREEDMAN, J. L. Stimulus E 
eralization. Psychological Bulletin, 1960, 57, 

200. х 

Ркоказу, W. F., & Hatt, J. F. Primary BA 
generalization. Psychological Review, 1963, ™ 
310-322. i 

ЖЫ. К. B., & Newnan, F. L. Multidimension@! 
stimulus generalization of a tactile cnt ir 
the dimensions of angularity and texture. A 
of Experimental Psychology, 1969, 81, 566-5 месі 

SUTHERLAND, N, S., & Маскіхтосн, №. J. New 
anisms of animal discrimination learning 
York: Academic Press, 1971. a, JG 

Tuomas, D. В., Svixicki, М. D., & vince een 
Masking of stimulus control during депта! Jogy, 
testing. Journal of Experimental Psycho 
1970, 84, 479-482, 


(Received August 17, 1971) 


== 


Journal of. Experimental Psychology 
1972, Vol. 95. No. 2, 201-301 ey 


EFFECT OF A FORWARD INDICATOR ON BACKWARD MASKING 


TERRY J. SPENCER, LARRY HAWKES, лхо GREGORY MATTSON 
Kent State University 


Backward masking functions were obtained for a single-letter (SL) visual dis- 
play, and for 12-letter (12-L) circular displays presented with either a simul- 
taneous or 150-msec. leading indicator. The Ss were required to report both 
the indicated letter (first position) and the letter directly opposite (second 
position) in the 12-L conditions. The first-position forward indicator function 
asymptoted to its No-Mask Control approximately 100 msec. faster than the 
first-position simultaneous indicator functions, and at about the same mask 
delay as the SL function. The pattern of results suggest that differences in 
masking ranges between single- and multiple-element displays are a function 
of encoding strategy rather than a difference in icon formation time. 


It is а common finding that backward 
Masking functions with a pattern mask 
ave a greater range with multiple-element 
45 compared to single-element visual dis- 
plays (Averback & Coriell, 1961; Spencer, 
a Spencer & Shuntich, 1970). This 
үз in masking range is usually as- 
eie to be a function of the encoding 
| ategy appropriate for each type of dis- 
tn . For example, the location and iden- 
Те аи of the target letter in a single- 

ter display is presumed to occur much 
e than in a multiple-letter display with 
ы oe and the masking range is as- 
Soh 4 to represent the processing time in 
end Gon, Evidence provided by Eriksen 
ie pn (1969), and recently confirmed 
E. Eriksen and Hoffman (1972), sug- 
E that approximately 100 to 200 msec. 
9 шеп to encode the meaning of an 
сого апа direct attention to a critical 
E. п. An indicator presented 200 msec. for- 
vard of а multiple-letter display improved 
Performance as compared to a simultane- 
ous indicator. In addition, Spencer has 
Provided evidence that encoding from 
‘conic storage is dependent on an indicator 
in à multiple-letter display. Delaying an 
indicator 100 msec. increased the masking 
Tange for a multiple-letter display by a 
Comparable amount. 

However, it has also been suggested that 
the difference in masking range between 


‚ ! Requests for reprints should be sent to Terry J. 
Spencer, Department of Psychology, Kent State 
Jniversity, Kent, Ohio 44242. 
? Now at the University of Utah. 


single- and multiple-element displays may 
be due, at least in part, to a difference in 
icon formation time? The fact that mul- 
tiple-letter displays typically have a num- 
ber of elements in close proximity may 
retard the rate of contour formation rela- 
tive to that of a single-element display. 
The greater masking range with the mul- 
tiple-element display may thus reflect the 
additional time required for development 
of the icon prior to its encoding. 

The present experiment obtains back- 
ward masking functions for 12-letter (12-L) 
circular displays with both simultaneous 
and forward indicators, as well as for a 
single-letter (SL) display. If the difference 
in range between SL and 12-L masking 
functions is primarily a result of differences 
in icon formation time, then little or no 
reduction in the masking range for a 12-L 
display should be expected with a forward 
indicator. However, if а 12-L display's 
icon is developed at or about the same 
rate as that of an SL display, and a forward 
indicator can serve to direct focal atten- 
tion prior to the 12-L display's onset, the 
backward masking range with a forward 
indicator may approximate that of an SL, 
or at least be substantially shorter than a 
12-L display with simultaneous indicator. 


METHOD 


Subjects.—Five Ss (three males) with normal or 
corrected-to-normal vision were recruited from the 


а am thankful to Professor Нагоја W. Наке for 
pointing out this possible interpretation. 
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Kent State University population and paid for their 
services. 

Apparatus and. stimuli.—Stimuli were presented 
in a three-field Scientific Prototype Model GB 
tachistoscope. The test stimulus was presented in 
Field 1, the indicator in Field 2, and the pattern 
mask in Field 3, all fields being front lighted. 
Present in the center of Field 3 was a small dim 
back-lighted fixation cross subtending a visual angle 
of .2°. The stimuli consisted of the letters A, (0, 
V, T (black Paratipe No. 11316). For the 12-1, 
conditions, each of the 4 letters were represented 
three times on each of 12 white stimuluscards. The 
12 letters were arranged in a circular pattern cor- 
responding to the positions of a clock and were 
viewed at a distance of 127 cm. The diameter of 
the circle subtended a visual angle of 2.0°, and the 
letters subtended a visual angle of .2°. The letters 
were assigned at random to each card with the re- 
strictions that the same letter was never adjacent 
to itself and that each letter occupied all 12 clock 


positions equally often over the 12 cards. 


There 
were 48 SL stim 


ulus cards representing all pos- 
sible combinations of clock positions and letter 
types. This latter set was randomly split into 
two smaller sets containing 24 cards with the 
restriction that each letter and each position were 
equally represented in each set. There were 12 
indicator cards, 1 for each clock position of the 
test stimulus. Each indicator was bar shaped 
(129 X .88°), white against a flat-black background 
with the close edge located „479 ч 
edge of the test form letters, 

Was constructed by placing four 
by side, p 


milar to th 
Pattern was dupli 


This 
58) of the clock posi- 

us, all on 1 card. А flat- 
r hole (diameter subtending 
nt of the test stimulus ca d 
and the patte; Thi ae 

he d mask. This allowed the circular 
nel Pattern mask to be viewed, while 
providing a dark background for the outside indi- 


cator in Field 2 i 
» Which was isible i. 
exposure conditions, clearly visible in all 


diameter of 2.89 (ры, Ва. black circular card with 
front of Field nue hole" from the card placed in 
over the cente. 5 Suspended by black threads 


r of Field 2 This elim? M 
nance summation (Eriksen, 1966) de ed i 
of the indicator card in Field 2 pois iy 


in Field 1. A 2.0 пеш icy th the stimulus 
in front of Field 1 and re Ше: vas placed 
The luminances, n ront of Field 2, 
nometer with a white сага in eae 
3.5, and 23 mL. for Fields 1,2 field 
with the above filters in place, 
Procedure —Backward masking functions 
obtained for one condition of S display kis 
stimulus onset asynchronies (SOAs) of 50, 100 and 
150 msec., and three conditions of | Qe 


2-L display. 
each with SOAs of 100, 150, 200, 250, and 300 meee 
A No-Mask Control was also obtained for each 
condition. 


The four experimental conditions were 
as follows: 


› Were .38, 
E respectively, 
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1. A single letter (SL) presented without an К 
cator with display energy set for about a iss 
Mask Control recognition accuracy (uncor 
for chance guessing). А 2 Sp- 
2. Low B bani Indicator LS 
12-1. display, with energy set for about а d sut 
Mask Control recognition accuracy, presente 
taneously with an indicator. е FI)—an 
3. Loy Energy-Forward Indicator CRT 
indicator presented 150 msec. prior p as in the 
of a 12-L display with the same energy "GOES 
LE-SI condition. For only this condition, 


msec: 
onset of the 12-L display was delayed 150 


(HE-SD 
iu 
wi vi de 


after S initiated a trial. 


e 
simply increasing the Mo-Mask Control ^ king 
mance level is sufficient for reducing pies 
range. If an increase in the No-Mask ally d 
formance in the LE-FI condition is ро 
faster encoding, as opposed to some О 
concommitant with a forward indicator, Sat 
ing range in LE-FI should also be shorter 


| per 
ие 


obtained in HE-SI. ation and 
Energy was defined as stimulus ot -4 
averaged 10, 16, 16, and 20 msec. for jd was 


бтн e 
respectively. The duration of the indicator ^ msec 
set at 20 msec. and the masking field be er session 
Data were collected in four 24-trial blocks 1 one №; 

lected 


sessions, for a total of 32 s 
ment of conditions to sessions was cour 
within and partially counterbalanced а 
the restrictions that по session contained 
combination of mask delay and condition x 
and that all combinations we igned od о 
any were assigned a second time, and so ON, 
Sessions. This provided a number diu 5 1 
balanced points in the experiment nece а contre” 
could be made in the duration of Field id. Th 
for practice effects lowering 578 theese 
had to be done an average of once for еа 
condition. 


San 


"dons 
EA А ondit! 
taining practice in all experimental € ей 


m-uP 


hin 


dicate, 


ck розе 
etter (second position), followed by the cloc by 
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охе his point of fixation toward the indicated 
Ern the LE-FI condition and also provides a 
Мен ar any potential performance trade, off 
Eds A t M pu and second reported positions 
B д 2-L conditions. For the SL sessions, S 
Ut «ое the letter presented and its clock 
trial ы, 1 he 5 хаз instructed to respond оп every 
AR | а ges if necessary. All trials were self- 
Ide ud 5 after E gave the ready signal, and 5 
"nor Ds cross in good focus. The Ss were 
due cedback of the number of correct responses 

he end of each block. All responses were re- 
corded by Е. 


RESULTS 


E: he masking functions for all conditions 

a presented in Fig. 1, including the 
Appropriate No-Mask Controls. А re- 

3 Fee eo measures analysis of variance for 
(12 three 12-L first-position functions 

б gE Condition X SOA X Ss) indicated 
"8л1йсапсе for the main effects of SOA, 
ud 20) = 68.27, р < .01, and 12-1. соп- 
SOAs: F (2, 8) = 4.93, p < .05, and the 

40) E 12-L Condition interaction, F (10, 

= 315, #401. A Newman-Keuls 

| a dure for testing ordered pairs of means 
iu SOA indicated that the LE-FI 

» ction was significantly greater (p < .05) 

han the LE-SI function at SOA = 100, 


| "x 
\ то | 
во 
so 
| «| 


PERCENT CORRECT RECOGNITION 


12-L FIRST POSITION 


A———A (єн 
юп 
9——9 (з 
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150, 200, 250 msec., and significantly 
greater than the HE-SI function at SOA 
— 100, 150, and 200 msec. The LE-SI 
and HE-SI functions were not significantly 
different at any SOA by this test (although 
very close to significance at SOA = 150 
and 250 msec.). A Dunnett's test (Winer, 
1962) for comparing all means with a con- 
trol indicated that the LE-FI function 
asymptoted to its No-Mask Control at 
SOA = 150 msec. as compared to SOA 
— 250 msec. for both the HE-SI and LE-SI 

It is thus evident that an indi- 


functions. 
c. prior to a 12-1, 


cator presented 150 mse! 
display shortened the masking range for 
reporting the first position by approxi- 
mately 100 msec. as compared to an equal 
or even higher energy 12-L display pre- 
sented with a simultaneous indicator. 
Unlike the results obtained by Eriksen 
and Collins (1969), an indicator preceeding 
the 12-L display by 150 msec. led to a 
nonsignificant increase in the No-Mask 
Control performance level. Increasing the 
energy of the display in the HE-SI condi- 
tion resulted in а No-Mask Control per- 
formance level equal to that obtained in 


12-L SECOND POSITION 
A—— ^ я 
0—0 нз 
o— irs 


HE-SI 


t = А А " 
50 100 150 200 250 300 NO MASK 
| CONTROL 
TEST FORM - PATTERN MASK SOA (milliseconds) 


Ето, 1. Percent c 
a function of test form-p 
functions. 


orrect recognition (uncorrected for сћапс 
attern mask SOA for the SL function and the six 12-1. 


e guessing) аз 
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the LE-FI condition (and also nonsignifi- 
cantly greater than the LE-SI condition) 
but did not lead to a reduction in the 
masking range. 

An analysis of variance for the SL func- 
tion (SOA X 55) indicated significance for 
SOA, F (3.12) = 80.22, p «.01. Dun- 
nett’s test indicated this function asymp- 
toted to its No-Mask Control at SOA — 
150 msec., as did the LE-FI first-position 
function. 

An analysis of variance for the three 
12-L second-position functions in Fig. 1 
indicated significance for SOA, F (5, 20) 
= 40.85, p < .01, and 12-1, condition, F 
(2, 8) = 447, р < .05. The LE-FI con- 
dition was significantly better, overall, than 
both the LE-SI and HE-SI conditions. 
Dunnett's test indicated that the LE-FI 
function asymptoted at SOA — 230 msec., 
as compared to SOA — 300 msec. for the 
LE-SI function. The HE-SI function was 
less consistent with SOA — 200 msec., 
being nonsignificantly different from the 
No-Mask Control, while SOA 
was significantly different. 
indicate that the shorter masking range 
obtained for the LE-FI first-position func- 
tion was not a result of a performance 
trade off with the LE-FI second position 
since the function for the latter was equal 
to or greater than the other two second- 
position functions at all SOAs. 


= 250 msec. 
These results 


Discussion 


The equivalence of mas 
SL апа 12-L LE-FI functions suggests that 
the icon formation time for à 12-L visual 
display occurs as rapidly as that of an SL dis- 
play. The „Phenomenal report by Ss also 
supports this conclusion, At short SOAs 
(e.g., 150 msec.), Ss reported that an 12.L 
display appeared as fully developed as an SL 
display, but when presented with a simultane- 
ous indicator there often wasn’t enough time 
to both locate and fully епсоде the target 
letter. Apparently, a forward indicator pro- 
vides S with additional time for this process, 
It would also appear that embedding the 
target letter in an array of letters (as in the 
12-L conditions) did not significantly impede 
processing, as compared to "s SL display, if 
S knew prior to the display’s onset where to 


king range for the 
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direct selective attention. An indicator M 
not used for the SL condition since эре 
(in press) found no differential masking гап 
for ап SL presented either near the хаа 
point without positional uncertainty ОГ БЫ 
ап imaginary 2? circle with positional m to 
tainty. The SL function was include ob- 
represent the minimum masking ten a 
tainable for the performance levels employ 
in the present experiment, although the ter 
function may have had a slightly A 
range if its No-Mask Control performance ES 
been equal to that of the 12-1, conditions. гегу 
either case, the forward indicator was kt 
efficient in reducing the 12-L masking га 
аз compared to a simultaneous indicator. ak 
An attempt to account for the shorter SE. 
ing range for the first position with a forw a 
indicator as due to anticipatory eye maith 
ments would appear to be inconsistent а or 
the second-position results. If S wou te 
could move his point of fixation towar ras 
expected location of the first-position jener 
а means of both improving its clarity un- 
reducing the search time (it would seem геге 
likely or difficult in 150 msec., and 55 pe 
instructed not to change their point of f 


in 
A s ; be ! 
tion), the second-position letter would „an 
a foveal location of even poorer clarity to 


recognition accuracy would ђе expecte 
suffer. However, the performance for 
second position with a forward indicator nd- 
equal to or greater than that of both sgeal a 
position indicator simultaneous functions c 
all SOAs, suggesting Ss did not change t in 
point of fixation. Nevertheless, a change ot 
eye fixation with a forward indicator m. 
be completely ruled out since the resulti 
poorer clarity of the second position CR 
have been compensated by a higher ques 
stage of iconic storage concommittant vi 
earlier encoding, as discussed below. Infor 
tion concerning the relative trade off in We. 
formance between these two factors, wa 
Objective measures of eye movements, 15 д п 
quired. But the possibility of altered eap 
is even less convincing when one considers Е j 
relatively small improvement in the Мом 
Control performance level for the first positio 
with a forward indicator. d 
А model more consistent with the data (an 
Similar to that discussed by Eriksen à" 
Collins, 1969, and Eriksen and Hoffman 
1972) is one in which a forward indicato" 
directs selective attention (without eye move 
ment) toward the first Position, thereby reduc- 
ing or eliminating search time for the first 


the 
was 


[| 


n with а consequent. reduction in the 
я i ri range. This should also allow 
Palit g to proceed otf an icon of higher 
СИ н the location of the critical item 
К тазе pss at an earlier stage of iconic 
жы E ioris attention then proceeds to 
the Piin process the second letter which, in 
саго of a forward indicator, would also 
Reker е and at an earlier and presumably 
Model bs ity stage of iconic storage. This 
nce ould account for the generally greater 
Bared З range for the second position as com- 
Tange is vw first position and the shorter 
indicator the second position with a forward 
| With а ras compared to the second position 
Н ы geniis indicator (assuming the 
Position ne asymptote of the HE-SI second- 
aoe үа at SOA = 200 msec. was due 
cant es. error). However, the nonsignifi- 
men iod нна in the LE-FI No-Mask 
tion d таш level for the first posi- 
Smaller dign in the predicted direction, was 
lithe rae might be expected (Eriksen & 
ment) si 69, obtained a significant improve- 
К quality shou encoding off an icon of higher 
tainin и improve performance. The ob- 
| resulted f only a small improvement may have 
| пес, af rom delaying the stimulus field 150 
ГЕ рта ter 5 initiated the trial in only the 
hot ha condition. у In this case, S's focus may 
ар ve been optimal when the stimulus field 
Presented, reducing the advantage of a 

| 

| 


E 


асна indicator with respect to recognition 
to the m" Тће same explanation would apply 
EF] ack of a significant improvement in the 
(sanas Poe No-Mask Control per- 
still eum level. , However, the model would 
За Paes significant reductions in masking 
ә or both first and second positions with 
Orward indicator, as were obtained. 
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The present model proposes that encoding 
of two letters from iconic storage occurred in 
a serial (or at least nonparallel) manner. 
However, it should be noted that Ss were 
instructed to give priority to the first-position 
letter as this was of primary interest. It may 
also be possible for Ss to more equally divide 
their attention, and hence their performance, 
between the first and second positions when 
instructed to do so. This may or may not 
result in the same overall average performance 
level obtained in the present study, but a 
forward indicator would still be expected to 
provide an overall shorter masking range. 
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MEMORY IMPAIRMENT IN THE AGED: 
STORAGE VERSUS RETRIEVAL DEFICIT? 


DAVID A. DRACHMAN ? ann JANET LEAVITT 


A group of aged Ss was compared with young control Ss to elucidate the 
nature of the memory impairment occurring with norm: 
immediate memory span, supra-span digit storage, cued 
and retrieval from old storage were given to all 55. 
in immediate memory span and retrieval from old stora; 
significant impairment of learning of supr. 
First-letter cuing provided an advantage 


young and aged Ss, but the cue 
the aged .Ss. 


à disorder of storage is responsible. 


Тће complaint of impairment of memory 
is well known to occur in a large proportion 
of aged individuals. Many studies have 
documented the differences in the ability of 
young and aged Ss to learn new information 
under a variety of experimental circum- 
stances (Bromley, 1958; Caird, 1966; Cane- 
strari, 1968, pp. 169-188; Gilbert & Levee, 
1971; Korchin & Basowitz, 1957; Kral, 
1966). In the past, most such studies have 
employed the technique of free recall, 
in which S was required to learn new in- 
formation (word lists, paragraphs, etc.); 
more recently, recall-recognition and cued— 
uncued free recall tests have been used in 
an effort to determine whether the deficit 
in memory in the aged is due 
of the hypothesized mech 
or retrieval. Thus, 
1967) and Schonfie 


to impairment 
anisms of storage 
Schonfield (1965, 
Id & Robertson (1966) 
demonstrated that aged Ss performed less 
well than young Ss on free recall of a word 
list but did as well as the young Ss on a rec- 
ognition test. Laurence (1967) also found 


1 This research was supported in part by the 
Sterling Morton Research Fund. The facilites af 
the Northwestern University Neurological labora- 
tory were used. The authors wish to express their 
appreciation to M. W · Laurence for generously pro- 
viding the lists used in her (1967) study for our 
analysis and to thank Rita Dreiblatt, who aided in 
the collection of the data. 

2 Requests for reprints should be sent to David A, 
Drachman, Department of Neurology, Northwestern 
University -McGaw Medical Center, 303 East 
Chicago Avenue, Chicago, Illinois 60611. 


Northwestern University 


d recall advantage (CRA) was no greater for 
"These findings do not support the view that a deficit of retrieval 
is the primary cause of the memory impairment of the а; 


al aging. Tests of 
and uncued free recall, 
Aged 5з showed no deficit 
ge, but showed highly 
a-span digits and verbal items. 
over uncued free recall both for 


ged and suggest that 


a [ree recall 


that aged Ss did poorly on hen 


task but improved their performance W all 
given category cues at the time of rec? A 
again approximating the scores of young 5 
Both authors concluded that these apt 
showed the major memory deficit in E 
aged to be due to impairment of retia j 
while storage was essentially norma 
Their reasoning, in accord with the view 
Tulving (e.g., Tulving & Pearlstone, 190 n 
was that some information that had ue 
stored was "available," but not 7. 
ble," and that the large discrepancy m 
tween available and accessible informat! 
in the aged was due to some impairment ч) 
the "retrieval process" rather than to 17 
paired storage. sangi 
McNulty and Caird (1966) have criticize 
Schonfield's (1966) conclusion on thegroun 
that partial learning of to-be-remembere“ 
(TBR) items is sufficient to make a correc” 
choice in a recognition test and that. the 
recognition scores of aged Ss were “artific! 
ally inflated” by use of this technique 
McNulty апа Caird concluded that а де“ 
cit of storage, rather than of retrieva 
might have produced the same finding: 
Тћеу did not, however, consider the impli- 
cations of cued recall experiments in the 


~ х 5 3 Ж е 
evaluations of memory impairment 1n th 
aged. 


То obtain more direct data on the ques- 
tion of Storage and retrieval deficits in the 
aged, and to cast some light on the role о 
cuing in these processes, a Series of experi- 
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ments were conducted on groups of young 
and aged Ss. 


Е METHOD 
Subjects 


арената! (aged).— T wenty-four male and 
5 е adults aged 59 to 89 yr., with a mean age of 
NE Ir. pO as aged Ss. All had at least the equi- 
бшш. of 4 yr. of high school and were well and 
i pn, fhe community with no neurological or 
ee пе disease. They were recruited from 
ME such as old-age clubs, hospital volunteer 
s word-of-mouth, and referrals 
ot controls (young).—Twenty-four male and 
а теа] and nursing students and college 
ages graduates served as normal control Ss. Their 
varied from 18 to 26, with a mean age of 21.8. 


Procedure and Test Battery 


ЕА Ss were tested individually in one experi- 
ke at session lasting approximately 2hr. Testing 
faci ae out in a sound-r sistant room with 5 
xen oed The following tests were presented in a 
tion fas bees provide an appropriate control situa- 

= ween-group comparison of Ss: "uv 
tase in Mer Adult Intelligence Scale (W AIS).—This 
aided administered to all 5s to provide a stan- 
and "s measure of general cognitive functioning 
йш, aid in habituation to the experimental 

S ion, particularly for aged 55. 
CIS ере span.—Tl is similar to the tandard 
Wech in test used in both the WAIS and the 
qe si Memory Scale. Random sequenc 
fap repeating digits were presented. by means of a 
tape recorder at the rate of one digit per second. 
ве were instructed to repeat orally in the order 
TS teen all the digits they remembered. 
seite.. erent sequences of each length were pre- 
ES starting with four digits and increasing until 
sued to recall either sequence perfectly. The 
ries sequence perfectly recalled at least once 
па ee S's digit span. The data were 
qii ed in the standard manner with recalled se- 
fetes counted as correct only if all digits were 
1 а led and appeared in their appropriate serial 
cations (Wechsler, 1955, p. 40). 

Supra-span digit slorage.— This test consisted of 
the repeated presentation of each of five sequences 
of 15 digits. Digit sequences were constructed from 
random tables using the numbers 1-9. In each 
Sequence no digit occurred more than twice, ad- 
Jacent digits could not be identical, and no part of 
а sequence could be a generally familiar grouping 
(e.g., 1492). Digit sequences were presented. by 
Means of a tape recorder at the rate of 1 digit per 
Second. Presentation of each sequence (training 
trials) alternated with attempts by 5 to reproduce 
the sequence (testing trials) for eight trials, or until 
а criterion of one perfect recall w; achieved. The 
Next sequence was then initiated and the same pro- 
cedure was followed until each of the five sequences 
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had been tested. The Ss were instructed to repeat 
orally in the order of presentation all the digits they 
remembered even if uncertain of the correctness of 
the response. For each testing trial the number of 
correct responses Was recorded. Scoring was de- 
ned to recognize as many correctly recalled items 
ible, while minimizing scores for chance re- 
sponses by employing the following rules: (а) The 
first and last items in a series, if correctly recalled in 
that position, were scored as correct; (b) any cor- 
rect items adjacent to correct first or last items 
were scored as correct; (c) all groups of three or 
more items whose order corresponded to a similar 
sequence in any location in the digit series were 
scored as correct. The advantages of this scoring 
method are demonstrated mathematically elsewhere 
(Drachman & Zaks, 1967). Mean items correct for 
each trial from one to eight were calculated for the 
five digit series. Learning curves Were derived 
from the data, and the slope and area under the 
curve mathematically determined. This mathe- 
matical treatment (а) provided an accurate measure 
of the rate of new learning, (b) permitted the com- 
putation of comparable scores for Ss who reached 
criterion in fewer than eight trials, and those who 
did not, and (с) compensated (area measure) for 
the possibility of relatively large variations in first- 
trial recall. 

Cued and uncued free recall.—1n this test, the 
critical experimental manipulation was the presence 
or absence of cuing during recall. A multitrial free 
recall paradigm was employed with the initial letters 
of the list words used as cues. The Ss were tested 
for both cued and uncued recall, and for each 5 a 
different list v used for each recall condition. 
Recall was written and S-paced. 

Two equivalent lists of 35 words each (А and B), 
arranged nonalphabetically, were constructed from 
70 common English words selected at random from 
Level AA of the Thorndike-Lorge word count. Ап 
invariant word order was used to ire that all Ss 
would readily recognize that the list was being re- 
peated and to mi ze the possible confusion that 
varying the word order might produce particularly 
in aged Ss. Lists and recall order (cued first or cued 
second) were counterbalanced for four groups each 
of young and aged Ss. 

Standard free recall instructions were given for 
uncued recall. In addition, for cued recall, S was 
told prior to list presentation that after he had 
seen all the words he would be given an answer 
sheet containing the initial letters of all words in 
the order of presentation. All Ss were shown à 
sample answer sheet, which was removed before 
testing was initiated. 

Simultaneous auditory and visual presentation 
of words was employed to control for modality 
effects. Words were presented by the use of a Sony 
Model 230 tape recorder svnchronized to operate а 
Kodak Carousel Model 800 projector. Each word 
was exposed individually for 2.8 sec. on а rear- 
projection screen. Immediately after the last word 
appeared, 5 5 given an answer sheet appropriate 
to the recall condition and told to write all the words 


sigr 
as p 
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he remembered. For cued recall, he was told to 
write TBR words after the appropriate initial letters. 
When S indicated that he was finished writing, 
another trial was initiated. Three consecutive trials 
of "study-test" in one recall condition (cued ог 
uncued) were followed by three consecutive trials 
in the other, 


The four response measures considered were (a) 
number of words correctly recalled in each recall 
condition, (b) “cued recall advantage" (CRA) cal- 
culated as correct recall of 

cued-uncued 
uncued 


, 


(c) learning curve slopes, and (d) intrusions. 

Retrieval by category.—In this test, S was given 
the name of a familiar category of nouns and in- 
Structed to say as many words that fit the category 
as rapidly as he could, until E told him tostop. An 
example was given to insure that .S understood the 
directions. Five categories were used for retrieval: 
(a) fruits, (b) flowers, (c) girls’ names, (d) vegetables, 
and (e) animals. The order of the categories was 
the same for all Ss, and spoken recall was recorded 
manually by E. 


A stopwatch in full view of each S was used to 
time production for the first 20 sec. and for a total 
of 60 sec. A new category was introduced as soon 
às the previous one was completed. Scoring was 


the number of appropriate nonrepeated responses 
emitted in each time period. 


RESULTS 


Wechsler Adult Intelligence Scale.—WAIS 
Scores for young and aged Ss showed no 
significant differences. Тһе mean Full 
Scale IQ was 117.8 for young Ss, 117.2 for 
aged Ss, ¢ (44) = 23, ns. The mean Verbal 
IQ was 119.6 for young Ss, 120.8 for aged 
Ss, t (45) = .42, ns; the mean Performance 
IQ was 113 for young Ss, 110.2 for aged Ss, 
1 (44) = 1.11, ns. These data support the 
assumption that young and aged Ss were 
comparable in general cognitive ability, 

Single-trial digit span, — ч 
not significantly different for young (7.2) 
and aged (6.3) Ss. A t test comparing mean 
digit span scores of young and aged Ss 
yielded / (46) = 1.96, ns. This is consis- 
tent with other experimental studies which 
report no significant age-related differ- 
ences in immediate memory span (Bromley, 
1958; Drachman & Hughes, 1971; 
ciunas, 1968). 

Supra-span digit slorage.— Aged Ss were 
markedly inferior to young Ss in the rate 
of learning of supra-span digits. The mean 


Digit spans were 


Kriau- 


slopes of 1.86 for young and .78 for aged 55 
indicate that the rate is considerably de- 
pressed in the aged. The / test сета 
mean slopes between young and aged 1 
yielded / (46) = 3.57, р < .001. Figure 1 
graphically illustrates this highly sign! 
ficant difference. 

The mean area under the learning e 
Гог young 55 was 75.40 compared with 3 
mean area of 46.53 for aged Ss. Compos 
son of areas showed a highly signifie 
difference between young and aged 5 
yielding £ (46) = 3,83, p < (001. Pear 
son product-moment correlation еше 
comparing slopes with area scores Were · 
for young Ss, m for aged Ss, and .95 bs 
all Ss were pooled into a single ОШ 
This indicated that both in the rate of ea 
cumulation of information (slopes) and ! 
total information recalled (areas), young e 
were highly superior to aged Ss and that t 
two measures were closely correlated. А 

Cued-uncued free recall.—'The total ДШ 
bers of words recalled over all trials 19 
Young and aged Ss, both in the uncued ане 
the cued conditions were compared. In ud 
uncued mode young Ss recalled a mean E 
58.17 words, aged Ss 35.92; in the op 
mode young Ss recalled a mean of 63: t 
words, aged Ss 38.33. Т tests showed cae 
the recall of young Ss was significant y 
better than that of aged Ss, both in the u 
cued and cued modes, ; (46) = 6.43 anc 
6.36, respectively, p < .001. 

A CRA score was calculated using the 
formula: 


s cued-uncued 
CRA = ee 
uncued 


to test the hypothesis that cuing aids re- 
call. Mean CRA scores over the three 
trials for all Ss were pooled and а / test 
analysis performed to determine whethe! 
à cuing advantage does indeed occur. This 
analysis yielded a mean CRA of .13, ¢ (46) 
= 2.47, P < .02, thus showing a definite 
advantage for the cued condition. The 
CRAs for young Ss were then compared 
With those for aged Ss, to see if cuing pro- 
vided a greater relative improvement in re- 
Call for aged Ss. The mean CRA for both 
young and aged Ss was .13. An analysis 
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YOUNG S's 


MEAN DIGITS CORRECT 


27+ 18 
1 18. 


* - The slope of the 
best - fit line 


pt — 
294 56 78 
TRIALS 


Fig, " 
Ss for 1 Mean learning curves of young and aged 
nt ѕирга-ѕра igits ean slope г 
? intercept. pan digits plotted by mean slope and 


bev atiance showed no significant difference 
o een CRAs for young and aged Ss. The 
8e variable yielded F (1, 44) = .0008, ns. 
Sto ee that cuing did not provide a 
Ss ively greater recall advantage for aged 
ка of the learning curves were cal- 
bini. te ог verbal TBR items over three 
n T oth in the uncued and cued modes. 
Nue uncued mode, the mean slope for 
se was 6.9 compared with 4.2 for 
p. s;in the cued mode the mean slope 
E. young 55 was 7.7 compared with 4.7 for 
aged Ss (Fig. 2). T tests again showed that 
ene Ss performed significantly better 
ја ап aged Ss, both in the uncued and cued 
nodes, / (46) = 4.69 and 5.15, respectively, 
p < .001. This indicated that the rate of 
асаан ер of verbal information was 
etter for young than for aged Ss and is 
Consistent with the data for digit series. 
Extralist intrusions and list intrusions 
for the second recall condition were deter- 
mined for young and aged Ss. None of the 
Within-S or between-group analyses for list 
Intrusions revealed significant differences. 
The only significant finding from all analy- 
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ses was the increased number of extralist 
intrusions in the cued condition, both for 
young and aged Ss. In the uncued mode, 
the mean number of extralist intrusions was 
1.21 for young 5s, 3.33 for aged Ss; in the 
cued mode, 3.46 for young Ss, 5.88 for aged 
Ss. The differences between cued and un- 
cued extralist intrusions was significant 
both for young Ss and for aged Ss. Statis- 
tical analyses yielded ! (23) = 3.73, p < 
01, for young Ss, and ¢ (23) = 2.60, 
р < .02, for aged Ss. The differences be- 
tween young and aged Ss did not reach 
significance in either recall mode. 

A percentage learning rate (PLR) was 
calculated comparing the rate of accumula- 
tion of new information for aged Ss com- 
pared with young SS; 


mean slope aged Ss X 100 


PLR = 
mean slope young 5s 
Тће PLR thus provided an index of the 
"efficiency" of aged Ss in learning supra- 
span digit sequences and supra-span word 
lists. Percentage learning rate for digit se- 
quences was 42% and PLR Гог word lists 
was 61%, suggesting relatively greater im- 
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r of words correctly re- 
and aged Ss with 


Fic. 2. Mean numbei 
called over three trials for young 
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pairment in learning supra-span digit series 
than supra-span word lists for aged .Ss. 

Retrieval by category.—There was no sig- 
nificant difference in the amount of infor- 
mation retrieved by young and aged Ss from 
familiar categories. Mean scores for the 
first 20 sec. of retrieval were 45.2 for young 
Ss, 41.1 for aged Ss; total retrieval scores 
for 1 min. were 80.8 for young Ss, 76.1 for 
aged Ss. Т tests comparing performance 
of young and aged Ss for retrieval during 
the first 20 sec. and for the total 1 min. were 
t (46) = 1.57 and .98, respectively, xs. 


DISCUSSION 


The series of memory studies carried out in 
this investigation are useful in attempting to 
evaluate the relative importance of storage and 
retrieval deficits in the memory impairment of 
the aged. First, the possibility was considered 
that some alteration of alertness, attention, or 
perception might account for the memory in- 
pairment noted. Direct observation by E in- 
dicated that the aged Ss were alert, paid close 
attention during testing, and were highly mo- 
tivated to perform well; further, their unim- 
paired performance on the digit span (Pope & 
Scott, 1967, p. 74) and retrieval from old stor- 
age tests, which were presented toward the be- 
ginning and end of the experimental sessions, 
respectively, suggested that attentiveness was 
sustained throughout, Inglis (1964) has also 
concluded that the memory impairment of the 
aged cannot be attributed to a defect of at- 
tention, perception, or motivation, in accord 
with the present findings. 

Second, the impaired le: 
digit series and word list 
memory impairment; it 
this is the result of either a deficiency of stor- 
age, or a deficiency of retrieval, or both. 
Closer scrutiny of these data may provide 
useful, if indirect, insights into the 
pairment of storage or retrieval i 
however. Digits are exceedingly familiar to 
all Ss, and the entire set (1—9) ig instantly 
available. For this reason, learning and recail 
of supra-span digit series probably depend more 
on storage (i.e., forming order linkages and ог- 
ganization of groups) than. on retrieval, ог 
search, for the individual items (Murdock, 
1968). By comparison, the words in a list are 
derived from an immeasurably larger vocab- 


arning of supra-span 
s indicates a definite 
may be argued that 


some 
relative im- 
n the aged, 


шагу ; learning and recall depend not only оп 
storage, but also, to a greater extent than with 
age, 
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Se s. » ieval 
digits, upon efficient search for, and retri 


of, the items. If this is so, one would anticipa у 
that 5s with a disorder of retrieval woul cu 
relatively greater impairment in a word- dr. 
ing than in a digit-learning test. In ved ЖИ 
studies, this was not the case: aged 5s — 

a lower PLR for digits than for words. ihe- 
comparison thus failed to support the hypo air | 
sis that the major cause of the memory ітр 

ment was a retrieval deficit. | pro- | 

First-letter cuing of word lists at reca E 
vided an advantage for all Ss over the ш 7 | 
mode, but cuing failed to provide а relati s. 
or absolutely greater advantage for the er ro- 

A current view suggests that cuing shoul Чу 
vide a greater recall advantage for Ss US nter- 
some impairment of retrieval; by this senter А 
pretation, the lack of a significantly ues. r 
CRA for the aged Ss might indicate that ™ 
eval was relatively unimpaired in the age is of 

The study of retrieval by CEROT re 
special interest in that it revealed no sign! Es у 
impairment in the aged Ss. This is the ‘ied 
direct test of retrieval in the battery of edi 
and intactness of performance is a strong nory 
cation that retrieval, at least from old ms 
stores, is unimpaired. It is unclear at pr уй 
whether the operations involved in E 
by category are the same as those Te he 
for recall of recently stored information. this 
present investigation does not resolve d to 
question, and further studies are neede 
clarify this point (Tulving, 1970, pp. 1-9). eri- 

The data obtained in this series of Sr 
ments thus provide evidence for an impairm he ' 
of some, but not all, memory functions in di 
aged. Immediate memory span is unimpa to 
the learning of supra-span lists shows à a a | 
deficit, however. Retrieval by category in | 
direct test of retrieval, shows no impairmen je- 
the aged; similarly, indirect measures of pr 
val fail to provide evidence for a disorder 4 
retrieval as the prime cause of the obser 
memory impairment. Our results thus S" 
gest that an impairment of memory storka | 
was most likely the primary cause of E у 
deficit. í 

How then can one explain the results ~ 
Schonfield (1965, 1967) and of Laurenc 
(1967), who concluded that retrieval, and Ap 
Storage, was deficient in the aged? Schon. 
field's conclusion that the memory impairme? 
of the aged is due to a retrieval deficit, bas 
on his observation that aged Ss performed aR 
well as young Ss on recognition tests while 4 
significantly impaired on free recall tests, 15 
probably not justifiable. 


ant 


We would agree that 


| 
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ü age 
ae tests reduce the required amount 
NS Semi toa marked degree, but they may 
recalled nit puntaly learned items to be fully 
Bed nS the apparent amount of 
plete паб information when much incom- 
Caird (1956) ] has occurred. McN ulty and 
recogniti ) have similarly objected that in a 
EWS Gr s test "only partial input images 
Deos vum letters of an item . . P need to 
terials 2 in order to recognize the input ma- 
kon wo piii Ep. 229. Thus, a recogni- 
Storage 15 not necessarily an exact measure of 
Storage egit with either an impairment of 
deficit ha of retrieval it may show less of a 
ее an а free recall test. With a storage 
ated Su recognition „scores may be in- 
with a d crediting partially learned items; 
féducti rieval deficit, it may be aided by the 
ion of the need for retrieval. 
a me (1967), however, did not use re- 
А ОНОН tests, but instead compared the 
call, тя of young and aged Ss on free re- 
mode = and without cues. In the uncued 
with Ма а Ss recalled less than young 55; 
ormed egory cues at recall both groups per- 
ike Sea ar well. Laurences conclusion, 
Becca nfield s (1966), was that providing a cue 
deficit i was useful in overcoming à retrieval 
C in aged Ss. 
и и analysis of Laurence's (1967) study, 
(M. Ws review of the actual word lists used 
Neen: Laurence, personal communication, 
may Pm 1971), suggests that the cued mode 
inne T functioned in part like a recognition 
Ones (A is cuing categories were all common 
half of e countries, birds, etc.); almost 
СС; хе items were common enough so that 
(1969) ue the nonme of Battig and Montague 
then ч % to 37% of untrained Ss would emit 
Stn pontaneously if given only the category. 
E Е these norms, slightly over seven of the 
avait: Ыы words, on the average, would be 
e d e to 58 simply as items generated by 
vie ead cue. These words would then be 
ine a le for a recognition-like discrimination, 
is " again permitting partially learned items 
m inne and favoring aged 5з who may 
gene sey items fully learned. Since aged Ss 
co their recall by approximately | four 
like a sat the category cues, the recognition- 
Bere ect postulated above is of an appropri- 
4 magnitude to account for the improvement. 
Using TBR items from known lists, Slamecka 
(1967) has documented this phenomenon, 
Showing that normal 55 performed as well on 
free recall as on recognition tests if the TBR 
items are from a single very familiar category. 
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Initial letter cues would not produce a recogni- 
tion-like situation, since they cue a much 
larger potential vocabulary, and would be un- 
likely to generate any of the list words by 
chance. 

Although initially we had assumed that the 
difference between cued and uncued recall was 
a "retrieval deficit," where the СКА repre- 
sented stored but inaccessible information, 
other considerations have suggested that this 
is an oversimplification. The correctness of 
this concept depends on an implicit accept- 
ance of the concept that information is stored 
in an "all-or-none" fashion. If storage is all 
or none, then information that has been stored 
should be retrievable unless the retrieval mech- 
anism is inefficient; the greater the deficiency 
of retrieval, the greater the benefit from cuing 
at recall. 

It is far more likely, however, that informa- 
tion may be learned with variations in strength 
of storage (Wickelgren, 1970, pp. 65-102). If 
this is so, then a cue presented at the time of 
recall could be of benefit with either deficiencies 
of retrieval or of storage. An explanation for 
this depends on the concept of а "threshold" 
level for recall of stored items. In a list-learn- 
ing experiment, à “completely learned” item 
will have achieved sufficient signal strength so 
that during recall it will exceed a threshold 
level and be spontaneously emitted by S. A 
“partially learned” item would not have suffici- 
ent signal strength to reach threshold and be 
spontaneously emitted; yet it may have a 
signal strength greater than zero. If retrieval 
is impaired, the threshold required to achieve 
recall may be raised above normal; if storage 
is impaired, even the normal threshold may 
not be reached because of weak signal strength. 
In either case, a second means of retrieval, 
such as the use of a category cue at recall, could 
boost the signal strength of the TBR item 
(along with other items in the same category). 
The “summation” of signal strengths for the 
item derived from the category cue in addition 
to the word list may then exceed threshold; if 
so, it will be recalled. Inevitably, the use of 
category cues at recall must increase the num- 
ber of intrusions, since the signal strengths of 
all items in the same category are increased and 
the signal/noise ratio is not improved for the 
TBR item. This, indeed, has been the obser- 
vation in a number of studies of cuing including 
the present one; more correct items are re- 
called, along with more intrusions from the 
cuing category (Tulving & Osler, 1968; Tulv- 
ing & Pearlstone, 1966). 
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This view of the mechanism by which cues 
provided at recall are effective implies that a 
cuing advantage found at recall would be am- 
biguous; alone, it would not discriminate be- 
tween a storage or a retrieval deficit in the aged. 
Further, it predicts that the stronger the cue 
(of which a recognition task would be the most 
powerful), the greater the CRA for Ss with 
impaired memory due to deficits either of 
storage or retrieval. 

If these considerations are correct, then what 
inferences about storage and retrieval mech- 
anisms can be drawn from human memory 
studies? Only retrieval by category provides 
а direct measure of either function and is prob- 
ably an almost pure test of retrieval from old 
store when the stores themselves are not im- 
paired (as in certain aphasias). Recall-recog- 
nition and cued-uncued learning tests may 
provide some indirect measures of storage and 
retrieval, but they rely on certain assumptions 
which require further verification. Viewing 
our studies of aged Ss in this light, we have been 
able to find no evidence for a retrieval deficit as 
the major cause of the observed memory im- 
pairment; a disorder of storage seems more 
likely at present. 
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IMPLICIT ASSOCIATIVE RESPONSES IN VERBAL 
DISCRIMINATION ACQUISITION? 


N. JACK КАМАК) LAWRENCE E. COL 
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Predictions from the frequency theory of verb: 
interitem manipulations of implicit associative re 
s varying methodological factors. 

sociatively related right items were supported 


four experiment 
with respect to lis 
only when Ss were ex 


involving 


In lists involving associatively related wrong items, 
relative to the control condition was o 


mental and control lists were learned тоге геа! 
an initial study trial, with longer durations of 


as opposed to anticipation, with 
presentation, and, in gener; 
theory was discussed for 
implicit associative responses. 


апре frequency theory of verbal discrimi- 
i oS (VD) learning (Ekstrand, Wallace, 
а а 1966) suggests that implicit 
ткн responses (ТАК, Bousheld, 
5s OR ie & Danick, 1958) may facilitate 
employ; ere with the acquisition of VD lists 
Dendi ying associatively related words, de- 
ens upon whether the IAR increases or 
en ages the relative differential subjective 
a cia of occurrence of the wrong (w) 
Я ж. (К) items of a given pair. When 
and involves associatively related R items 
у W items (AR condition), 
E ча ipe is expected to be facilitated as 
Tema t of the frequency increment to R 
T а. ГАК, relative to a control “ Jj 
eret unrelated W and R items. Con- 
n у, а list composed of associatively 
Ti W items and unrelated R items 
iu condition) is assumed to reduce the 
^ ignia ere d cue and should thus 
nme difficult than the C list. The above 
will E of manipulating IARs in x D lists 
ои hereafter be inferred to as interitem 
у Nations or lists as distinguished from 
ud (i.e., the associated items are the 
ponents of a given W-R pair) and 
auus ho are grateful to Linda Scott, who 
Supported Је аза. id Exp. 1. Iis гаен wa 
at the TEE pana y Ше Faculty Research Func 
И sity of Oklahoma. 
3 Requests for reprints should be addressed to N. 
ого anas Department of Psychology, University 
kids ahoma, Norman, Oklahoma 73069. 
miM nih Arkansas Polytechnic College, Russell- 
ille, Arkansas. 


plicitly instructed regarding the associ; 


btained only in Exp. П. 


al, by females. 
interitem, interpair, 


al discrimination learning for 
sponses were examined in 
In general, the predictions 


ative relationships. 
the predicted inferiority 
Both experi- 
dily under the study-test method 


The role assigned by the frequency 
and intrapair manipulations of 


interpair (the associated items have W and 
R functions in different pairs) manipula- 
tions (e.g. Eberlein & Raskin, 1968; 
Fulkerson & Kausler, 1969). The present 
article reports the results of four experi- 
ments which tested the generality of pre- 
dictions from frequency theory for interitem 
IAR lists across a number of methodologi- 
cal factors. 

Ekstrand et al. (1966) found that an AR 
condition did result in fewer errors over 
four trials than the C condition, but the 
predicted inferiority of the AW condition 
was not obtained. Kanak, Cole, and 
Thornton (1970), in two experiments, failed 
to find the AR condition superior to the С 
condition, and the AW condition resulted 
in the predicted inferiority in only one of 
three comparisons on errors over the first 
four trials. The Ekstrand et al. and Kanak 
et al. studies differed in methodology ina 
large number of potentially important 
ways, including methods of presentation, 
sensory mode of presentation, the use of an 
initial guessing trial, list materials, and 
temporal rate of presentation. The series 
of experiments reported here examined 
these as well as two other methodological 
factors (instructions and sex of Ss) in the 
AR, AW, and C conditions in an attempt 
to: (а) reconcile the discrepancies in the 
literature and (b) determine, as noted 
above, the generality of the predictions 
from frequency theory across methodo- 
logical variables. Finally, since most 
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methodological variables were varied fac- 
torially, the experiments also allow а 
Systematic examination of the effects of 
these variables upon the VD learning of a 
standard list of unrelated items (i.e., the 
C condition). 


EXPERIMENT 1 


Experiment I varied method of presenta- 
tion, i.e., anticipation (ANT) vs. study test 
(ST) in an attempt to determine whether 
method might interact with VD acquisition 
in IAR manipulations. Although a number 
of studies (e.g., Battig & Switalski, 1966; 
Fulkerson & Johnson, 1971; Ingison & 
Ekstrand, 1970; Schulz & Hopkins, 1968) 
have demonstrated superiority of the ST 
or "recall" method to ANT, no evidence 
has been presented to illustrate that 
method of presentation interacts with other 
VD task variables. Nevertheless, it is 
conceivable that IARs might more effec- 
tively operate under the ST method since 
the separation of learning from 
mance, or the avoidance of the 
between storage and retrieval process as- 
sociated with the ANT method, might 
facilitate the evocation of implicit associa- 
tive responses. In addition, Exp. I varied 
the conduct of the initial trial (Le. a 
guessing trial уз. no guessing). Frequency 
theory clearly predicts the superiority of 
no guessing or an initial study trial, and the 
available evidence (e.g., Dominowski, 1966) 
Supports the theory when both items are 
presented in the feedback interval. To the 
extent that IAR activity is affected by 55 
immediate knowledge of correct items on 
the initial trial, no-guessing conditions 
ied Be more favorable to the IAR 

Eso pa lir Since list materials 
dite in н Y strong Source of vari- 
| "discrimination learning 

(e.g., Kanak et al., 1970), both the original 
20-pair list used by Ekstrand et al. (1966) 


and a list derived from their materials were 
used in Exp. I. à 


perfor- 
alternation 


Method 


Subjects.—One hundred 
dents enrolled in introduc 
courses at the Universit 


and twenty stu. 
tory Psychology 
y of Oklahoma 
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; ial 
participated in the experiment mn E 
fulfillment of a course requirement. erball 
of the Ss had participated in puor ke. 
learning experiments. Treatment upon 
tions were randomly assigned to #8 
their appearance at the laboratory. words 
Materials.—The C list of unrelated Ка 
was identical to that employed D a 
et al. (1966) with one exception. w item, 
SOFT, used by those authors as а high 
was climinated since it bears a AS. 
associative relationship to LOUD, à item. 
used elsewhere in their list as ап К ОЕТ, 
The word HERE was substituted for when 
and its associate THERE was used Mec. 
appropriate) on the AR and AW nae in the 
function (i.c., W ог R) of the words не. 
С list was counterbalanced puch, E. 2n 
half of the Ss were given a list with jet al 
R item functions identical to Ekstrane h the 
while the remainder received a list wit Jro- 
above word functions reversed. Dis Pia 
cedure was employed to yield e 
generality of results and to match. the 
parable counterbalancing procedures 
AR and AW lists. TW 
One set (Set A) of AW and AR line i 
identical to those employed by ps lists 
et al. (1966). A second set (Set B) 9 
for these conditions was generate 
selecting the remaining 10 R words 9 y 
original C list, not used (no анапа d 
Ekstrand et al. in their AR and a their 
ditions, and pairing these R items and, sina 
associates with the W items of the Led. E 
C list. "Therefore, all 20 original R is ee 
Írom the Ekstrand et al. C list were R a 
sented, with their associates in the А Vords 
AW conditions, rather than only 10. V ater 
functioning as associates were bese 
balanced between the AR and AW 9 "ina 
tions (as noted above) in both the pem 
Ekstrand et al. list and the newly der 
list. ; 
Four random orders of scrial pos! 
were employed for all list conditions. i о 
addition, the left-right spatial nd о 
К items was independently randomiz that 
each serial order, with the restriction ing 
Successive occurrences of R items bag a 
the same spatial position not exceec Jon @ 
Procedure.—The lists were presen me. 
‘fayette memory drum for both the 


as 


tion 
In 
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and ST methods. All Ss were tested 
individually. In the ANT method, a given 
pair appeared in horizontal alignment for 2 
sec. during the anticipation interval and S 
ү ош aloud the item believed correct. 
The pair reappeared in the feedback in- 
terval, again for 2 sec., with the R item 
underlined. During the study trials of the 
Ee reped the 20 pairs were exposed 
ito 1 ually for 2 sec. each, with the correct 
em underlined. On test trials, the pairs 
E again exposed for 2. sec. each and 5 
трава overtly as in the ANT method. 
8 intertrial interval was 4 sec. for both 
ethods of presentation. 
Eu Ss assigned to the guessing (C) 
first А ion were instructed to guess on the 
cw rial. Паз necessitated that Ss learn- 
irt] y the ST procedure be given the first 
mi a test trial, while ANT method Ss 
sni of course, given the first trial as an 
MEC e trial. In the no-guessing (NG) 
E rum Ss learning by the ANT method 
whil uy the initial trial as a study trial 
ni Re T Ss, of course, also were given the 
itial trial as a study trial. 
s standard instructions conforming to the 
eva requirements of the ANT and ST 
hods, as appropriate, were given to each 
+ p ove with Ekstrand et al. (1966) 
ried sanal et al. (1970), no mention was 
iw the associated items in the AR and 
те ‘Gondinons: Practice was carried toa 
шы of 2 successive perfect trials, or 15 
ials, whichever occurred first. 


Results 


The measures of learning included errors 
оп Trials 1-4 for the no-guessing conditions, 
or on Trials 2-5 for the guessing conditions, 
and percent of total errors to the base of 
Opportunities А preliminary analysis 
comparing List Sets A and B of the AR and 


* Analyses were also conducted in all four experi- 
Ments on trials to criterion, assigning a score of 17 
to those Ss who failed to achieve one perfect trial by 
Trial 15 or a score of 16 to those Ss whose fifteenth 
trial was perfect. These analyses in all cases 
resulted in statistical conclusions consistent with the 
error analys reported throughout the four experi- 
ments, Because Brors represent d more sensitiye 
е of discrimination learning than trials to 

rion, the present report omits the reporting of 


пи i m А T =: 
© trials to criterion analyses 11 all experiments. 
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AW conditions on each of the above mea- 
sures indicated that neither the main effects 
for list sets or any of the interaction effects 
involving list sets with list conditions, 
method of presentation, or the guessing fac- 
tor approached significance (all ps < .10). 
In addition, the two C lists appeared com- 
parable in difficulty with the overall 
analysis of variance in each case yielding 
F <1. List sets were therefore pooled 
within each condition and ignored for all 
subsequent analyses. 

Errors on Trials 1-4.—The number of 
errors on Trials 1-4 (NG conditions) or 2-5 
(G conditions) represents the most direct 
comparison with the data reported by 
Ekstrand et al. (1966). Only 5 Ss of the 
total of 140 attained the two-perfect trial 
criterion in four or fewer trials, as defined 
above. For purposes of the analysis, these 
Ss were assigned scores of zero errors on the 
postcriterion trials. List conditions yielded 
F < 1 with means and standard deviations, 
respectively, of 14.20, 8.53 (AR), 16.00, 
9.89 (AW), and 16.47, 10.18 (C). Learning 
by the ST method (X = 11.38, 5D = 7.65) 
produced significantly fewer errors than the 
ANT method (X = 19.73, SD = 9.45), 
F (1, 108) = 27.44, p < .001. The guess- 
ing variable was nonsignificant, P (1, 108) 
= 1.15, p < .25, as were all the interactions 
which typically produced F«1. 

Total errors to the base of opporlumities.— 
Since perseveration errors may result in an 
overestimation of task difficulty when diff- 
culty is measured by trials to criterion and 
since a substantial number of Ss (10 in the 
C condition, 5 in the AR, and 6 in the AW) 
failed to achieve perfect performance within 
15 trials, an analysis was conducted on the 
proportion of errors to the base of op- 
portunities, i.e., total errors divided by the 
number of trials given multiplied by the 
number of pairs. For reasons noted earlier, 
this measure of task difficulty is preferred 
in all experiments to trials to criterion as a 
measure of difficulty, particularly when the 
relatively subtle effects associated with 
IARs are involved. List conditions again 
failed to produce any notable variability on 
the measure of errors to the base of op- 
portunities, 7 (2, 108) — 1.24, р < .25. 
The means and standard deviations were 


C 


-138, .064 (AR), .151, .066 (AW), and .158, 
.066 (C). The method of presentation 
variable (ANT X = .171, ST X = .126) 
was again significant, F (1, 108) = 17.73, 
P «.001, and in addition, no guessing 
(X = .125, SD = .077) produced a signifi- 
cantly lower error rate than the guessing 
condition (X = .172,SD = -056), Е (1, 108) 
= 19.05, р < .001, in accordance with the 
frequency theory. 
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EXPERIMENT II 


Тће results of Exp. I failed to support 
the frequency theory with regard to the 
prediced role of IARs in the AR and AW 
conditions. Further, the data failed to 
replicate the findings of Ekstrand et al. 
(1966) with either the ST method or the 
original materials used by those authors. 

The differences in error rates on the first 
four trials between the Ekstrand et al. 
(1966) experiment and Exp. I were large, 
with the rate being much higher in the 
present study. The authors reasoned that 
if Ss were issued instructions pointing out 
the associative relationships in the AR. and 
AW lists, Ss should then use IARs in their 
learning strategy in a manner predicted 
from the theory, and, ава result, error rates 
should show a significant decrease as well. 
Experiment 11, therefore, varied the in- 
structional set given to Ss in those two con- 
ditions, but using only the ANT method, 
an initial guessing trial, and the 
lists employed by Ekstrand et al. Choice 
of the ANT method and a guessing trial 
was governed by the fact that these are the 
procedures most typical of previous VD 
research and by the lack of any interaction 
of method of presentation and guessing in 
Exp. I. Experiment II thus involved a 
factorial manipulation of instructions in the 
AR and AW groups, with the fifth group 
being an uninstructed contro] group. 


original 


Method апа Procedure 


A total of 60 Ss participated in the experiment, 
selected and assigned in the same manner as in Exp, 
I. The Ss in the instructed () conditions were 
shown examples of the appropriate associative rela. 
tionships from pairs of words not represented in the 


experimental list. In the AR-I condition, Ss were 
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told that each right item was an associate of алб 
R item elsewhere in the list and that this informe a 
might prove to be helpful in learning the list. us 
55 in the AW-I condition were given similar instr г 
tions with regard to W items. Care was taken 
make clear to Ss that only two R items (or о 5 
items) were related and that 10 such relationship: 
could be found in the list. р 
No instructions beyond the standard ir Үт (ШШ 
used in Exp. | were given to the AR-UI (ч Ive 
structed), AW-UI, and C condition groups. We 
55 were assigned to each of the five groups eral 
same manner as in Exp. I. All other proce ent. 
details were identical to those of the first experim 


istructions 


Results 


Errors on Trials 2-5.—Three Ss regus 
only four trials to achieve criterion (one 
in each of the C, AW-I, and AR-I gom 
and these Ss were recorded as having a 
errors on Trial 5 for the analyses of erro e 
on Trials 2-5. A 2 X 2analysis of vanan 
indicated that the type of IAR list T 
AR and AW) and instruction main eiten 
were both significant, F (1,44) = те 
6.98, respectively, ps < .005 and .025. 1). 
interaction was nonsignificant (F M гё 
The mean errors for the IAR lists hac: 
23.33 (AW) and 14.75 (AR), and the com 
parable measures for the instruction Ше 
were 22.16 (NI) and 15.87 (1). ps 
between-groups analysis of variance, es 
cluding the C group, also resulted m 
significant effect, / (4, 55) = 4.86,p <: М 
The means and standard deviations To 
12.17, 8.62 (AR-D, 17.33, 8.69 (AR-ND: 
17.92, 9.29 (C), 19.67, 6.83 (AW-I), апо 
27.00, 6.65 (AW-NI). It may be observe 
that the rank of cach of the two AR ans 
two AW groups, relative to the C conditio 
is consistent with expectations front re 
frequency theory. Planned comparison 
with the C condition, via Dunnett's testi 
however, revealed that only the difference 
between the means of the AW-NI and the 
C condition exceeded the critical value 
(b < .05) of 7.60. m 

Errors to the base of opportunities.—Seve! 
Ss of the total of 60 failed to reach the 
2-perfect trial criterion within 15 trials, ^ 
in each of the AR-NI and AW-I groups ап 
1 in each of the remaining three groups: 
The 2 x 2 analysis of variance on the 
Proportion of errors to the base of op- 


ed 


pom 
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oe again resulted in a significant 
5 EC or type of ТАК lists, F (1,56) — 9.58, 
E i and for instructions, F (1, 56) 
Кан. < .05. The means and standard 
and sq for the cells were .165, .047 (AR) 
196 "uel -043 (AW); 171, .046 (1) and 
А = ; 50 (NI). The interaction yielded 
(пење The simple analysis of variance 
Р 4 ing the C group was also significant, 
Era = 4.03, p <.01. _ The mean 
153 DR and standard deviations were 
(AR-ND. (AR-I), .158, .033 (C), .177, .050 

NND .188, .042 (AW-D, and .216, .045 
via D Ji c omparisons with the C group 
ie E die s test revealed that again only 
Paice erence between AW-NI and the С 
Sal p attained significance, with the critical 

E being .038. 
Шз пеш II therefore succeeded in 
E ом Ше overall superiority of AR 
T ace and in obtaining the pre- 
to th inferiority of the AW-NI condition 
failed + С condition. It, however, again 
Superi o find the AR condition significantly 
Obtain. to the C condition, although the 
Mrd differences were generally in the 
Ше ed direction. Instructions facilitated 
hot | ы of both types of IAR lists but 
condition. cantly so relative to the € 


EXPERIMENT 11 


Linen П indicated that even with 
of the 2s to Ss regarding the composition 
änism R and AW lists, the IAR mech- 
appar postulated by frequency theory was 
Sira ently not evoked with sufficient 

ph to differentiate the AR-I and 
Teenie groups from the с condition. This 
tieni for interitem list manipulations is 
Eon istent with the null results for instruc- 
(166 reported by Eberlein and Raskin 
IAR | for single-list intrapair and interpatr 
ight ist manipulations, but casts no en- 
dx ment upon the problem of replicating 
E ешь of Ekstrand et al. (1966) or of 
ERU. the mixed results of Kanak 
à al. (1970). Of particular concern was 
the fact that in none of the four experi- 
Ments thus far in our own laboratory had 
we replicated the Ekstrand et al. finding of 
Significant superiority of the AR condition 


to the C condition, although consistent with 
the frequency theory, we had found the AW 
condition inferior to the C condition in two 
of the five comparisons оп errors on the 
first four trials and the AR condition 
numerically superior on most occasions to 
the C condition. 
Although Exp. 
suggested that cert 


I of the present series 
ain methodological fac- 
tors (i.c., word materials, method of pre- 
sentation, and conduct of the initial trial) 
were unrelated to performance in the three 
list conditions, there still remains at least 
one potentially important methodological 
difference between the series of studies in 
our own laboratory and the Ekstrand et al. 
(1966) study. All of our own studies had 
employed the visual mode of presentation, 
while Ekstrand et al. used the aural mode. 
Although even instructions (Exp. 11) with 
visual presentation apparently failed to 
evoke the ТАК processes predicted by 
frequency theory, it is conceivable that 
aural presentation might more readily elicit 
JARs than visual presentation, particularly 
since as yet unpublished data in our own 
laboratory comparing the two Palermo and 
Jenkins (1964, visual presentation ; 1966, 
aural presentation) normative studies indi- 
cated that for the only grade level common 
to both norms, fourth-grade children do 
show a higher mean frequency of primary 
associates when the materials are presented 
aurally. Although empirical data are 
needed to determine if this result is also 
true for adults, the possibility seemed 
plausible enough to warrant studying mode 
of presentation in Exp. III. In addition, 
though apparently no studies have as yet 
demonstrated an interaction of mode of 
presentation with other variables, Schulz 
and Hopkins (1968) have reported superi- 
ority for the aural mode. 

Since the possibility also exists that any 
resultant tendency of the two modes to 
elicit IARs with differential strength might 
interact with method of presentation (i.e., 
ANT versus ST), the latter was again 
included as a factor. Finally, both the 
original list materials of Ekstrand et al. 
(1966) and our own derived lists of Exp. I 
and II cause of their 


were retained ђе 
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potential for interaction with the mode of 
presentation, particularly in the AR and 
AW conditions. With the 3 list conditions, 
Exp. III involved a 3(List Conditions) 
X 2(Method of Presentation) X 2(Mode 
of Presentation) X 2(List Materials) fac- 
torial design. To approximate as closely as 
possible the experimental conditions of 
Ekstrand et al. in the aural presentation-ST 
procedure, the initial trial was preceded by 
a study trial for both the ANT and ST 
conditions. 


Method 


Subjects.—A total of 120 introductory psychology 
students served as Ss and none had prior experience 
ina VD learning experiment. The Ss were randomly 
assigned to the 24 (N = 5) experimental conditions 
within the restriction of maintaining equal Ns across 
cells before № +1 Ss were assigned to any cell. 

Procedure.—Standard. instructions and examples 
consistent with the requirements of the ANT and 
ST procedure were given to each S. The lists were 
presented via a Lafayette memory drum ata C. 
rate for Ss receiving the visual mode of presentation. 
Under the ANT method, the anticipation and feed- 
back intervals involved the same procedural charac- 
teristics as in the previous experiments. 

Under the aural mode of presentation, the 
materials were presented via a tape recorder for both 
methods of presentation. During the anticipation 
interval for the ANT condition and the test trials of 
the ST conditions, the items composing a given pair 
were presented once and S responded with his choice 
within the 2-sec. interval. In the feedback intervals 
of the ANT condition and the study trials of the ST 
condition, the pair was pronounced from the tape 
and the R item was repeated and labeled “correct” 
(e.g, "Heavy-low, Heavy is correct") during the 
2-sec. interval. As noted earlier, 5: learning via the 
ANT procedure were given an initial study trial to 
equate their experience with the materials to that of 
the Ss of the ST condition prior to the first per- 
formance trial. 

The intertrial interval for all conditions of pre- 
sentation was 4 sec. Controls for serial position cues 
again involved four unsystematic serial orders, but 
the orders were independently randomized for study 
versus test trials in the ST condition, Under all four 
combinations of mode and method of presentation, 
spatial or temporal position of the R item was 
randomized within the restrictions that across the 
four serial orders a given R Jtem occurred twice in 
each spatial or temporal Position. The randomiza- 
tions of spatial positions were identical for all four 
mode-method combinations. 


Results 

Errors on Trials 1—4.—Seventeen Ss 
achieved criterion in fewer than four trials, 
a 
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with 6, 5, and 6 Ss in the C, AR, and AW 
conditions, respectively. The analysis 0 
variance on the errors over Trials 1-4 in i 
cated significant effects for list mate 
and method of presentation, / (1, 96 
=541. £<.05, and 23.67, p € ps 
Both the Ekstrand et al. (1966) A 
(X = 8.85) and the ST method (X = 7.2 1 
resulted in fewer errors than the den 
list (X = 11.65) and the ANT теб 
(X = 13.37). Тһе main effect for p 
conditions was nonsignificant (F < 1) wil 
means and standard deviations of 9.80, Но 
(AR), 9.98, 6.73 (C), and 11.08, 7.99 (AW): 
No other main effects or interactions e 
significant, although the Mode of Presen E 
tion X Method of Presentation X List e 
ditions interaction approached significance 
F (2,96) — 2.87, р < .10. Jnly 
Errors to the base of opportunities 0) » 
five Ss failed to attain criterion in 15 Hee 
but four of these were in the AR-AN 
Visual Mode condition. The analysis a 
variance of proportion of errors to the d 
of opportunities again produced significa 
main effects for method of presentati 
(1, 96) = 22.16, p < .001, and for 3, 
materials, F (1, 96) = 5.06, р < .05. e 
conditions, however, again resulted s: 
F < 1 with means and standard deviation 
of .077, .045 (C), .089, .059 (AR), and 087 
-061 (AW). The List Materials X Metho” 
of Presentation interaction was significan 
F (1, 96) = 4.26, p < .05, with the two 
lists producing no difference under the Ў 
method but the derived list was somewh@ 
more difficult under the ANT metho: 
More importantly, the three-way List Con- 
ditions X Method of Presentation X Mode 
of Presentation interaction, which produce 
Only a statistical trend in the previous 
analysis, was significant, F (2, 96) — 3.71, 
P < .05. No other main effects or inter- 
actions approached significance. " 
Table 1 presents the mean proportions 
Гог the cells involved in the significant 
second-order interaction. Tests of the 
simple-main effects for list conditions at 
levels of method and mode of presentation 
resulted in only one significant compari- 
son which reflected significant differences 


among the list conditions under the 


4 
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E Ри У method proce- 
MO сазара. Table 1 
Biurest hat the AR condition resulted in the 
Ns А eer о ипдег these condi- 
oh list Me simple-simple main effects for 
B des of condition across methods and 
nt ешш resulted in a signifi- 
Р (1 бурн: for only the AR condition, 
«o ii = 7.04, р < .01. The AR list 
E s was poorest under ANT-visual 
E prata; followed by AN T-aural, with 
по ние differences between modes of 
Tesults = under the ST method. These 
cre pain ue ie that method and 
partiall -presentaron variables may at least 
Керу account for the discrepancies 
and ea the findings of Kanak et al. (1970) 
(hn results of Ekstrand et al. (1966). 
With a ey ris conclusion must be embraced 
of нана since, as will be seen, Exp. IV 
BD which used the ANT 
e үн visual presentation, found the 
of the a MuR EAT superior to each 
ba list conditions and Exp. I and 
riso 1 the AR condition, with visual 
апа C ation, ranking superior to the AW 
in the conditions. The discrepant result 
of diff prosent experiment is likely a result 
of ch erential difficulty of list materials or 
to eoi factors in the assignment of 58 
une e even though the four-way 
in < Eon was clearly nonsignificant, since 
брок [у = 5) errors to the base of 
under "p for the AR condition was .066 
Under пе Ekstrand et al. list versus .098 
er the derived list. 


EXPERIMENT IV 


As results of Exp. Ш generally failed 
Support the frequency theory even 
л the rank of the list conditions in the 
Eu ysis of errors on Trials 1x was con- 
apes with the theory. Experiments I and 
ын therefore indicated that although 
E. ain of the methodological variables 
вын (e.g., method of presentation, 
Я materials, guessing vs. ПО guessing) 
SUME the proficiency of VD learning, these 
ariables do not differentially affect per- 
formance in the three list conditions, if one 
assumes that the second-order interaction 
of Exp. III is primarily an artifact. 
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TABLE 1 


MEANS AND STANDARD DEVIATIONS FOR THE LIST 
CoxpiTIONS X METHOD OF PRESENTATION X MODE 
OF PRESENTATION INTERACTION (EXPERIMENT IlI) 


FOR TOTAL ERRORS TO THE ВАЗЕ ОЕ OPPORTUNITIES 


Method and mode of presentation 


Anticipation Study-Test 

List 
cond. 

Visual Aural Visual Aural 

Xx зр | х |50 | Х | SD 
Cc .089 .046 | .046 | .046 
AW | -104 2040 
AR 141 


ciatively related wrong 
R = a list of associatively 
vrong items. 


. Note.—C = control; AW 
items and unrelated right it 
related right items and unrelated 


In Exp. IV, an attempt was made to 
further maximize the conditions for the 
operation of 1АЁз as predicted from fre- 
quency theory by again manipulating in- 
structions, but this time with a concur- 
rent manipulation of rate of presentation. 
Ekstrand et al. (1966) used а 3-sec. rate of 
presentation, while all the studies in our 
laboratory had employed a 2-sec. rate. 
Several investigators (e.g. Ingison & 
Ekstrand, 1970; Kanak, 1968; Wike & 
Wike, 1970) have reported that VD learning 
proceeds more rapidly with longer durations 
of exposure time. Since Exp. П indicated 
that instructions facilitated AR and AW 
list performance, but not significantly so 
relative to the C condition, it is conceivable 
that a slower rate of presentation combined 
with instructions concerning the associated 
items might produce significant differences 
between the IAR lists and the C condition. 

The present study used 2:2- and 4:4-sec 
rates, along with the presence or absence of 
instructions regarding the list relationships 
for all three list conditions. The AR and 
AW conditions were given instructions 
comparable to those employed for the in- 
struction conditions of Exp. П. In the C 
condition, "instructed" Ss were told that 
there were no items in the list which were 
associatively related and that the words 
were chosen for this reason. The C-I con- 
dition was included since little is known 
regarding the effects of any type of instruc- 
tions for a control group beyond those 
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standardly used, which typically give no 
information regarding attributes of list 
items but, rather, are limited to procedural 
and response characteristics of the task. In 
addition, Exp. IV maintained equal num- 
bers of Ss within each sex in order to 
examine the possibility of sex-related differ- 
ences in the effects of the dependent 
variables. Two studies (Fulkerson & 
Johnson, 1971; Schulz & Hopkins, 1968) 
have reported that females learned a VD 
task more easily than males, but little is 
known of the possible interaction of task 
variables with the sex of Ss. The experi- 
mental design was thus a 3(List Conditions) 
X 2(Rate of Presentation) X 2 (Instruc- 
tions) X 2 (Sex) factorial. 


Method. 


Subjects.—A total of 144 introductory psychology 
students participated in the experiment. The 12 
treatment conditions were randomly assigned to Ss 
upon their appearance at the laboratory within the 
restriction of maintaining an equal sex distribution 
within each condition. None of the Ss had partici- 
pated in previous verbal learning experiments, 

List materials and instructions.—The list materials 
were the pairs from the original lists employed by 
Ekstrand et al. (1966) modified in a minor way as 
reported in Exp. 1. As in Exp. 11, Ss of the AR-I 
and AW-I conditions were given explicit information 
regarding the associative relationships and the par- 
ticular item function served by the associates. The 
Ss of the C-I condition were given instructions 
calling their attention to the absence of associative 
relationships among the words, Instructions for the 
AR-NI, AW-NI, and C-NI conditions were similar 
to the uninstructed conditions for E p. П. 

Procedure.— Al Ss were tested individually, The 
lists were presented by the anticipation method, 
using an initial guessing trial, With the exception 
of the variation of a 2:2-versus a 4:4-sec. rate of 
presentation, all details of the procedure were 
identical to those of the previou experiments, The 
criterion was again two Successive errorless trials or 
15 trials, whichever occurred first, 


Results 


Errors on Trials 2-5.—The list conditions 
differed significantly on errors Over the first 
four trials, (2, 120) = 14,51, P < .001. 
Тће means and standard deviations, re- 
spectively, were 10.96, 8.35 (AR), 18.08, 
10.96 (AW), and 20.81, 9.31 (C). However, 
although instructions failed to produce a 
main effect (У < 1), the List Conditions 
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X Instructions interaction was significa, 
F (2, 120) = 5.70, p < .025. The mean 
involved in the interaction are presented in 
Table 2. The effects for instructions a 
the AR and C lists were both signifie | 
Fs (1, 120) = 5.03 and 5.10, respected 
ps < .05. Instructions significantly fac! 
tated AR list performance, but bie 
condition was apparently adversely affec d 
by the information that the list contes 
no associatively related words. The ја d 
result was unexpected and does not ИН 
readily apparent explanation. The prese ifi- 
or absence of instructions did not d 
cantly affect performance in the AW £ ў 
dition, although in agreement with Exp. EL 
the AW-I condition was numerically 
perior to AW-NI. | 5 adi- 

The differences between the list Wer 
tions were highly significant under її {һе 
tions, F (2, 120) = 17.63, p < .001, but ар“ 
differences under no instructions only 4 3, 
proached significance, 5^ (2, 120) = ted 
P < 10. Newman-Keuls test maie 
that, in accordance with frequency me 
the AR-I condition was superior tO 6 118 
of the other two instructed condita 
(р < .01), but contrary to the theory» tly 
AW-I condition was also significa а 
superior to С-1 (p < .01). Since the Р x- 
formance of the C-] condition was n 
pectedly poor and little is known of d 
effects of such instructions in а Ye 
condition, comparisons between list E n 
ditions under the No-Instruction сопа, 
were also undertaken despite the fact EE 
these differences failed to reach the apt) 
accepted level of significance. A News 
Keuls test indicated that only the AR- 1 
versus AW-NI comparison was significa 
(b « .05). Identical conclusions | ve 
reached with respect to the nonsignifican 
comparison of the two experimental oe 
ditions with the C condition, employing {27 
more powerful Dunnett's test. ‘The ТӨП. 
of the means relative to the C condition ' 
in accord, however, with the frequency 
theory. 

The 2:2-see f= 18.79) rate of 0208 
Sentation resulted іп more errors than the 
4:4-вес. rate (X = 1447), p (1, 120) 
= 7.83, but the interactions of rate of 
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» TABLE 2 
МЕАХ TONES 
Cone STANDARD DEVIATIONS FOR THE LIST 
NDITIONS X INSTRUCTION INTERACTION 
(EXPERIMENT IV) FOR ERRORS ON 
TRIALS 2-5 


List Cond. 


TAR instruc- 


tions с AW | AR 
n X SD X SD X | SD 

nstru t С а — | 
No instr, 3.83 | 8.81 | 1629 | 11.09 | 7.96 | 7.24 
ions 8.98 | 19:96 | 10.76 | 13.96 | 8.45 

Note 

AW = control ; 
nd unre- 


fate right | 
ns a ; 
and unrelated wrong items. 


абар with list conditions and in- 
Nue A as well as the second-order inter- 
Мајен“ were all nonsignificant (Fs < 1). 
femal (X = 18.46) made more errors than 
b = oe = 14.80), F (1, 120) = 5.60, 
inter; es but sex produced no significant 
&ractions with other factors (all Fs < 1). 
ri: errors lo the base of opportunities.— 
Perfect of 14 Ss of 144 failed to reach 2 
та trials within 15 trials. List con- 
Hein S also differed significantly in the 
be one measure, F (2, 120) = 9.04, 
tions, 1; but the interaction with instruc- 
ailed щ contrast to the above analysis, 
ы r^. attain significance, F (2, 120) 
Кее р < 10. The main effect for in- 
4 аа was also nonsignificant / (1, 120) 
es The mean proportions and stan- 
159 шон for the list conditions were 
040° . 49 (AR), .189, .058 (AW), and .191, 
thar (C). Newman-Keuls test indicated 
at the AR condition was significantly 
uds 201) superior to each of the other 
oth itions which did not differ from each 
Sake The more powerful Dunnett's test 
sön rmed that the AW versus С сотрагі- 
tio Was nonsignificant. The List Condi- 
» ns X Rate of Presentation X Sex inter- 
Ctions both yielded F < 1. 


Dis 


e evidence in support of the 
for interitem manipulations 
as inconsistent. 


SUSSION 


In general, th 
frequency theory 
across the four experiments W 
On the measure of errors over the early trials, 
а measure on which Ekstrand et al. (1966) 
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found the AR condition superior to the C 
condition as predicted, only in Exp. IV was 
ult replicated, but the superiority was 
present under both noninstructed and in- 
structed conditions. The AR condition was 
found to be significantly superior to the AW 
condition in Exp. П and Exp. IV, however, 
consistent with the theory. In Exp. I and III, 
the AR condition was numerically superior to 
the other conditions but not significantly so. 
The AW condition, which Ekstrand et al. 
found did not differ significantly from the C 
condition, was found to be significantly inferior 
to the C condition, as the theory predicts, only 
in the noninstructed condition of Exp. II and 
was significantly inferior to the AR condition 
only in Exp. П and IV. The rank of the AW 
condition, relative to the C and AR conditions, 
was consistent with the theory only in Exp. П 
and III, although the AW condition was also 
numerically inferior in the noninstructed con- 
ditions of Exp. IV. The measure of errors to 
the base of opportunities generally yielded the 
same conclusions as the measure of errors on 
the early trials, with the exception of some 
switches in the rank of the groups in Exp. Il, 
III, and IV. 

While the above summary of results for the 
four experiments suggests some support for the 
frequency theory, the inconsistencies are 
perhaps as outstanding. These inconsistencies, 
combined with the two experiments of Kanak 
et al. (1970) and the null results for the AW 
condition in the experiment of Ekstrand et al. 
(1966), suggest that the predicted function of 
IARs in interitem manipulations may be called 
into some question. In addition, the predicted 
role of IARs in intrapair manipulations has 
already been questioned since others (e.g. 
Barch et al., 1967 ; Fulkerson & Kausler, 1969) 
have found, contrary to the theory, that intra- 
pair manipulations yield superiority to, or по 
difference from a C condition. Intrapair 
manipulations have been interpreted by the 
above authors as allowing the activation of 
higher order rules or strategies based on IARs 
which mitigate the reduction of the differential 
frequency cue stemming from IAR activation 
per se. The evidence presented by the above 
authors does not question the activation of 
ТАК, but rather suggests that [ARs allow the 


this res 


activation of processes compensatory to the 
reduction of frequency cues presumed by the 
IARs. 


frequency theory to be occasioned by 
In the interpair condition, on the other hand, 
such a compensatory mechanism may be in- 
operable and the available literature (e.g., 
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Eberlein & Raskin, 1968; Fulkerson & Kausler, 
1969) indicates that the predicted inferiority of 
interpair conditions to the C condition does 
obtain. The compensatory process involving 
IARs in the intrapair manipulation and the 
actual reduction of the frequency cue in the 
interpair manipulation may both be stimulated 
by the cue provided by the item function 
contrast (i.e., associated items serve opposing 
W and R functions) with resultant activation 
of facilitation and interference mechanisms, 
respectively. 

In contrast, the interitem manipulation, in- 
volving associative relationships only within W 
items or within R items rather than between 
them, may result in a much weaker activation 
of IARs sensitive to only a limited range of 
variables such as instructions. Instructions 
facilitated the learning of both types of IAR 
lists in Exp. II, but not significantly so relative 
to the control condition. In Exp. IV, instruc- 
tions significantly facilitated performance of 
the AR condition, relative to no instructions, 
and improved the performance of the AW 
condition to a nonsignificant degree relative to 
the noninstructed AW condition, as in E; p. П. 
The latter results suggest that instructions in 
the AW condition may activate a higher order 
strategy mitigating the reduction of the differ- 
ential frequency cue. One such strategy could 
be the avoidance of associatively related items 
and the consequent selection of the alternative. 
It is interesting to note that Eberlein and 
Raskin (1968) found no effect for instructions 
in interpair and intrapair manipul 
suggests that item function con 
served as a sufficient cue to 
to IARs. 

Тће evidence presented in 
frequency theory, althou 
gests that IARs may indeed operate in inter- 
item manipulations, but with less strength and 
more variability than expected. As mentioned 
earlier, one source for such a deficit in strength 
may be the fact that the related items serve 
the same function and hence draw less atten- 
tion than related items in intrapair or interpair 
manipulations. Several other potential sources 
for the greater weakness of [AR mechanisms 
in interitem manipulations may be identified. 
For example, the overt Pronunciation of R 
items may provide a sufficiently distinctive cue 
in the AW condition to overcome the reduction 
of the frequency cue produced by IARs to WwW 
items. Similarly, in the AR condition, the 
overt pronunciation response may be а suffi- 
cient condition to facilitate learning without 


ations, which 
trast may have 
activate attention 


support of the 
gh inconsistent, sug- 
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the evocation of [ARs. In addition, the weaker 
degree of W item learning qua пер 
relative to R item learning (Kausler & Se 
1967), implies that IAR effects in the a 
condition would likely be weaker than im ЈЕ 
AR condition when both are evaluated агаш 
the C condition. The findings of ЕЕН а 
et al. (1966) and of the present experi 
are consistent with this notion. Бит to 
the absolute effect of [ARs may be ехресќе nce 
be relatively subtle, particularly in the "€ he 
of a contrast of related item function, since 
normative values (Palermo & Jenkins, б: а 
for frequency of the primary associate [ the 
stimulus item rarely exceed 5066-6076 9 [58 
Ss. That is, for a substantial porportion d а5 
learning an ТАК list the “primary” WEE 
given by the norms may indeed be a ет 
associate. Indeed, Kausler and Olson Oa 
have shown strong support for не, e 
theory in both intrapair and interpair mea 
lations when the R or W items are e: in 
through the acoustic similarity inherent 
homonyms, materials which control pw ` 
the degree of similarity being manipu p^ 
The composite effects of these factor? ARS 
account for the seemingly weak effects О 

in interitem manipulations. 

Finally, with regard to the effects of t 
ological variables on the learning of а 
of associatively unrelated items (1.е., 
condition), the results of the present $ 
agree with others cited earlier in demonst test 
more efficient learning (a) under the study, no 
method as opposed to anticipation, (b) wit? er 
guessing on the initial trial, (c) and un 
slower rates of presentation, but with fen ate 
learning faster than males under a 2: 2-sec. ions 
In view of the lack of significant interact! је 
involving these factors, these conclusions ‘x у 
apparently be generalized to the AR and ^ 
interitem IAR manipulations. 


nethod- 
list 
the. 
tudies 
rating 
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REPETITION EFFECT AS A FUNCTION OF EVENT UNCERTAINTY, 
RESPONSE-STIMULUS INTERVAL, AND 
RANK ORDER OF THE EVENT! 


CARLO UMILTÁ,? CHARLES SNYDER, Axp MARTHA SNYDER 


University of Oregon 


In reaction time (RT) studies it has been found that RTs for repeated events 
may be faster (positive recency effect or repetition effect) or slower (negative 


recency effect) than RTs for nonrepeated events. 


The present experiment 


was designed to investigate how the positive and negative recency effects vary 
with: (a) the event uncertainty; (b) the delay between a response and the 
next stimulus (RSI); (c) the rank order of the event in a sequence of equivalent 


events. 


when uncertainty is greater; 


(c) the effect diminishes as RSI increases; 


Our results show that: (a) under the conditions of this study there 
is either a positive recency effect or no effect at all; 


(b) the effect is larger 
(d) 


the effect is larger at the beginning than at the end of a sequence of equivalent 
events when event uncertainty is low, while the opposite is true when event 
uncertainty is high. The importance of these and other findings with respect 
to memory and expectancy hypotheses for the repetition effect is discussed. 


Itis well known that in discrete (Hyman, 
1953) and in serial (Bertelson, 1961) reac- 
tion time (RT) tasks, RTs to repeated 
signals are usually shorter than RTs to 
signals which are new (i.e., different from 
the immediately preceding one). Bertel- 
son named this phenomenon the repetition 
effect and suggested two principle explana- 
tory schemes, the "memory hypothesis” 
and the "expectancy hypothesis." 

According to one version of the memory 
hypothesis, the repetition effect might be 
due to some peripheral motor facilitation 
lasting for a short period of time and 
causing a second identical response to be 
made more quickly. Alternatively, the 
effect might result from residual activity 
in S-R bonds which would eliminate the 
need for a new memory search when a 
second identical stimulus occurred. In 
this formulation, the repetition effect 
would be a particular instance of а short- 

1 This research was supported by the Advanced 
Research Projects Agency for the Department of 
Defense and was monitored by the United States 
Air Force Office of Scientific Research under Con- 
tract F 44620-67-C-0099. We wish to thank S.W. 
Keele and R. Hyman for helpful suggestions during 
the preparation of the manuscript. 

2 Now at the Institute of Psychology of the Uni- 

" "па, Italy. 

d m pna should be sent to Charles 
Snyder, University of Oregon, Department of Psy- 
chology, Eugene, Oregon 97403. 


term memory effect. As such, the memos 
hypothesis gains support from those studie 
which have shown that the repetiron 
effect, like short-term memory, is reduced ав 
the interval between a response and the 
next stimulus (RSI) is increased, Hus 
particularly for incompatible S-R arrange 
ments (Bertelson & Renkin, 1966). 

These results, however, have not been 
confirmed by Schvaneveldt and oro 
(1969) or by Keele (1969) for compatible 
or for incompatible S-R arrangements: 
Furthermore, an inverse relationship 06 
tween repetition effect and RSI, even ! 
real, would not be inconsistent with ai 
expectancy hypothesis. This notion mal!" 
tains that S$ always prepares for certain 
events, namely for repetitions, and react® 
faster when his expectation is confirmet 
than when it is disconfirmed. The saving 
is in memory retrieval time when an event 
is correctly anticipated (Keele, 19691 
Schvaneveldt & Chase, 1969). Itis possible 
to combine the memory and expectancy 
hypotheses by suggesting that the memory 
of a previous event acts like an irrelevant 
stimulus, in the sense of Greenwald (1970); 
which causes $ to expect a repetition. In 
this formulation, "event" would mean 
either a particular stimulus, a particular 
Tesponse, or the combination; іп short 
Whatever might be causing the repetition 
effect. 
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A 


REPETITION 


| ou also been shown (Bernstein & 
de 965; Keele, 1969) that when S's 
E о ofa stimulus is correct, RTs 
NT than when S's anticipation 15 
the SCR According to this version of 
ОРЕ „hypothesis, Ss have a 
E св to anticipate. the recurrence of 
Vo У preceding event, making 
fote oes confirmatory and, there- 
Chas | ast. (Keele, 1969; Schvaneveldt & 
sima ү! 1969). Е urthermore, Bernstein 
rale Ж found the difference 
Bener R Ts following correct and in- 
БЇ Де. anticipations to be a direct function 
uu uncertainty. T hese findings could 
каш Hyman's (1953) result that the 
E е alternative events, the greater the 
| Petition effect. They wòuld also shed 
=. the demonstration by Hyman and 
Willis (e.g., Schvaneveldt & Chase, 1969; 
TI iams, 1966) of a negative recency effect. 
editos studies, using only two equiprobable 
vents with relatively long RSI and com- 
ha S-R arrangements, produced a 
dien to react faster to an event 
| rent from the immediately preceding 
th (the so-called gambler's fallacy is 
ae to be a special instance of this 
M Thus, the expectancy hypothesis 
d 8gests that a negative recency effect 
epends upon high event probability, long 
SI, and compatible S-R arrangement. 
ome results in support of these suggestions 
ave already been reported (Umiltá & 
l'rombini, 1968). 
. The present experiment was designed to 
investigate both negative and positive 
recency effects and how they vary with 
(а) event probability or uncertainty, (0) 
length of RSI, and (c) rank order of an 
event in a sequence of equivalent events. 


METHOD 


Subjects —Sixty Ss (12 female) with normal or 
Corrected-to-normal vision were obtained through the 
University of Oregon Student Employment Service 
and paid $1.50/hr. Each S was run individually at 
the same hour for 2 consecutive days, in sessions 
lasting about 30, 60, or 90 min. according to length 
of RSI. 

Apparatus.—Stimulus presentation, timing, and 
response recording were under the control of a PDP-9 
computer. Stimuli were presented on an in-line 
readout display (Industrial Electronic Engineers 
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Model 10011-44-B) situated in a separate experi- 
mental room. On each trial, one of the four digits 
(1, 2, 3, 4) used as stimuli was presented in the same 
spatial location. Directly beneath the display wasa 
four-key response board on which Ss placed the 
middle and index fingers of each hand. The plastic 
keys operated microswitches requiring a force of 

Designating the keys A-D from 


about 400 gm. 
left to right, the stimulus-response mapping was 
1-A, 2-B, 3-C, and 4-D. Reaction time was meas- 


ured from the onset of a digit to the first key press, 
although the correction procedure used required the 
digit to remain lighted until the correct response 


was made. 

Design.—Two stimulus 
used, each condition consis 
with equal frequencies of occurrence. 
conditions, the average information per trial wi 
bits. In Cond. С; (high repetition), the probabi 
that a stimulus would repeat itself on the next trial 
was .82, while the probability of occurrence of each 
of the three possible alternations was .06. In Cond. 
С, (high alternation), there were, after every stimu- 
lus, one high-probability alternation (.82), two low- 
probability alternations (.06), and one low-prob- 
ability repetition (.06). Transitional probability 
gnments in Cond. C; yielded six high-probability 
event sequences: 1- 4, 1-2-4-3, 1-3-4-2, 1-3-2-4, 
1-4-2-3, and 1- 2. or 3-4-3-4. Condition C: Ss 
were randomly gned to one of these sequences. 

Three RSIs of 250, 2,000, and 3,750 msec. were 
employed in each of the two stimulus order condi- 
tions (ie. high-probability repetitions and high- 
probability alternations). Ten Ss were randomly 
igned to each of the six stimulus order by RSI 
conditions. 

Procedure.—Twenty blocks of 50 trials were pre- 
sented in each experimental session, Following each 
block, Ss were given a 20-sec. rest period during 
which they could read from an oscilloscope their 
mean RT and number of errors for the preceding 
block. Between Blocks 10 and 11, Ss were allowed 
a 5-min. rest interval. 

The first 10 blocks of Day 1 were used to famil- 
iarize Ss with equipment and task procedures, and 
those data were not included in the RT and error 
analyses below. Before testing on Day 1 com- 
menced, Ss were instructed to press the key, corre- 
sponding to the digit shown on the display, as rapidly 
as possible, and to try not to make more than two 
errors during any block of 50 trials. The statistical 
structure of the stimulus order was also explained, 
and all Ss indicated that they understood the sequen- 
tial probabilities before the session was begun. 


order conditions were 
ting of four alternatives 
For both 
97 


RESULTS 


The treatment of RT data involved 
separate analyses of variance for high- 
probability stimuli (i.e. repetitions in 
Cond. C; and high-probability alternations 


in Cond. С») and for low-probability stimuli 


TEN. 
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(1.е., alternations in Cond. C; and low- 
probability repetitions in Cond. С»). In 
addition to these categories of events, 
reference will sometimes be made to 
"equivalent" events as those having the 
same objective probability of occurrence 
and being of the same response type, 
repetitions or alternations. The following 
is an exposition of the results of these 
analyses considered by source of variability. 

There was a significant main effect of 
RSI, a between-Ss factor, both for high- 
probability, F (2, 54) = 7.06, p. < .005, and 
for low-probability events, F (2, 54) — 
11.06, р < .001. Reaction times increased 
with length of RSI from 334 to 344 to 375 
msec. for high probability, and from 509 
to 508 to 565 msec. for low probability. 

Тће main effect of the between-Ss factor 
of response type, repetition versus alterna- 
tion, was also significant for both high- 
probability, F (1, 54) — 9.76, р < .005, and 
low-probability events, F (1, 54) = 30.04, 
P < .001. In both cases there was a 
positive recency effect, or repetition effect, 
which was greater for low probability 
(63 msec.) than for high probability 
(28 msec.). 

The within-Ss main effect of sequential 
order in a sequence of equivalent events 
was also significant for high probability, 
F (1, 54) — 42.70, and for low probability, 
F (1, 54) — 37.18, both bs « .001. In the 
case of high probability, this comparison 
is between the first event and events follow- 
ing the sixth event, ina Sequence of equiva- 
lent events. For low probability, the com- 
parison is between the first and the second 
in a sequence of equivalent events, since 
low-probability sequences were seldom 
longer than two events. Reaction times are 
faster to later events in а Sequence for 
both high-probability (52 msec.) and low- 
probability (27 msec.) events. 

The interaction between RSI and re- 
sponse type, repetition versus alternation, 
also was significant for high Probability, 
F (2, 54) = 3.68, and for low probability, 
F (2, 54) = 3.93, both ps < .05. The repe- 
tition effect diminishes from 61 msec. at the 
shortest RSI to 25 msec. at the middle RS] 
and to —2 msec. (ie, there is a very 
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small negative recency effect) at the € 
RSI, in the case of high-probability even | 
The corresponding data for low p" 
ability are 98, 65, and 25 msec., u 
tively, for the shortest, middle, а 
longest RSI. + 
The RSI X Sequential Order inter aa 
was significant only for low prohibir 
F (2, 54) = 4.85, p < .025. Ina ~ 
of equivalent low-probability events, frst 
advantage of the second event over the fi 
diminishes with lengthening RSI Кой 5 
to 32 to 8 msec. The corresponding n Y 
for high probability are 61, 51, anc 
msec., F (2, 54) = 2.38, p > .1. e. 
The interaction between response E 
repetition versus alternation, and мн 
order was significant for high proba 
F (1, 54) — 23.48, and for low probability, 
F (1, 54) = 40.00, both ps < .001. zd 
change that the repetition effect derg 
in passing from the beginning to the p 
of a sequence of equivalent events, e 
ever, is in opposite directions for the ty h 
classes of event probability. For . 
probability, the repetition effect is gre 3 
at the beginning than it is at the end 1 i 
Sequence (43 and 15 msec.). For e 
probability, the repetition effect is grea 
at the end of a sequence (35 and 91 ER 
For high probability, RTs to repe 
decrease less than RTs to alternation” 
from the beginning to the end of a segnen 
(39 msec. vs. 67 msec.). For low pre 3 
ability, RTs to repetitions decrease mor. 
than RTs to alternations, from the be 
ginning to the end of a sequence (56 msec: 
vs. 1 msec.). saf 
The RSI X Response Type X Бедаво 
Order interaction was also significant = 
high probability, F (2, 54) — 35.92, P e 
001, and for low probability, # (2, 5 
= 6.89, р < .005. The effect indicates 2 
change over increasing RSI in the relation- 
ship between repetition effect and sequen- 
Ба] order, The data are presented 1" 
Table 1. , 
So far this analysis has failed to consider 
some data, namely low-probability alterna- 
tions in Cond. С». A within-Ss comparison 
between low-probability repetitions and 
low-probability alternations of Cond. С» 
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TABLE 1 
хспох or Event P 


ROBABILITY, POSITION IN А 


T (IN MSEC.) AS A Е 
4 SE Е QUIVALENT EVENTS, THE INTERVAL BETWEEN А RESPONSE AND 
^ THE NEXT STIMULUS (RSD 
High probability (.82) Low probability (.06) 
Repetition effect 
First in After sixth in Change over First in Second in Change over 
sequence sequence sequence sequence sequence sequence 
RSI 
25 + 2 
220 107 14 —93 58 138 80 
2000 3 22 d 27 103 76 
3750 –12 10 22 20 30 10 
E | 
DISCUSSION 


joven confirmed those results which 
suppl een already „shown and did not 
Ply new information. 
— order to analyze error data, similar 
eur. have been performed, only dis- 
Bid ding the factor of sequential order 
Gi arc-sine transformed per- 
ages instead of raw data. 
- The main effect of RSI was significant 
2 Y in the case of low probability, F (2, 54) 
of ia р < .005, owing toa slight tendency 
Io percentage of errors to increase with 
tS Um RSI. The data from the shortest 
ала 4 longest RSI are: 22.92%, 16.34%, 
3207 -70% for low probability and 64%, 
Pu and .32% for high probability, 
(2, 54) = 167, p > .1. 

bs E main effect of response typo, 
E petition versus alternation, was signifi- 
cud only for high probability, F (1, 54) 
m 27. 62, p « .001, and shows that errors 
are more likely in the case of alternations 
(70% vs. 18%). The corresponding 
data for low probability are 20.52% and 
18.78%, F (1, 54) = .26, p > 2. 

3. The RSI X Response Type interaction 
Was significant only for high probability, 
Р (2, 54) = 10.12, р < -001. The data 
Show that errors are more likely to occur 
in the case of alternations, but mostly at 
the shortest RSI. The following per- 
Centages were found, from the shortest to 
the longest RSI : 1.27% vs. -06%, .38% vs. 
:27%, and .44% уз. 20%. The correspond- 
Ing data for low probability аге: 24.2490 vs. 
21.60%, 15.52% vs. 17-43%, and 22.08% 
vs. 17.32%, F (2, 54) = -66, p > .2. 


These results confirm those of previous re- 
search, which has shown that the difference 
nonrepeated events 


between repeated and 

declines with increasing RSIs and that there 
is an increase in RTs to both repeated and 
nonrepeated events with increasing RSIs. 
Furthermore, the results show that the repeti- 


tion effect diminution with increasing RSIs 


is mostly due to a comparatively greater in- 
crease of RTs to repetitions. Reaction times 
to repeated events are in fact 303, 330, and 
376 msec., from the shortest to the longest 
RSI, for high probability (an increase of 73 
msec.); and 460, 475, and 553 msec. for low 
probability (an increase of 93 msec.). The 
corresponding RTs to nonrepeated events, 
again from the shortest to the longest RSI, 
are 364, 355, and 374 msec. for high prob- 
ability (an increase of 10 msec.) ; and 558, 540, 
and 578 msec. for low probability (an increase 


of 20 msec.). 

These results clearly suppo 
hypothesis for the repetition effect since they 
suggest slow decay in memory of previously 
activated S-R bonds. In the case of a non- 
repeated event, the activation should always 
be weaker because a comparatively longer 
time has always elapsed since an occurrence 
of that event. As we have already suggested, 
however, this finding is not inconsistent with 
the expectancy hypothesis, provided that а 
previously activated S-R bond be thought of 
as an irrelevant stimulus which causes S to 
tend to check first for a repeated event. Тће 
fact that RTs to both repeated and non- 
repeated events increase with increasing RSIs 
can be accounted for by the well-established 
principle that RT depends on time uncertainty 
(Bertelson & Tisseyre, 1968), since, from a 
subjective point of view, the time uncertainty 
ought to be greater with a 3,750-msec. RSI 


rt the memory 
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Fic. 1. RSI = 250 msec. (RT as а function of 
sequential position in series of consecutive equivalent 
events: high probability (HP) = filled point: 
probability (LP) — open points; repetitions 
lar points; alternations — triangular points.) 


low 
circu- 


than with a 250-msec. RSI, whe 
signal is given. 

The memory hypothesis, however, cannot 
explain the reason why the repetition effect is 
larger for low probability than for high prob- 
ability and why the repetition effect becomes 
larger in the case of low probability and smaller 
in the case of high probability at the end of a 
Sequence of equivalent events. On the con- 
trary, as we have already shown, the ex- 
pectancy hypoth does suggest a direct 
relationship between event uncertainty and 
amount of repetition effect. 
Figures 1, 2, and 3 present, for each of the 
three RSIs, mean RTs (i.e, means taken over 


n no warning 
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sequential position in series of consecutive equivalent 
events: high probability (HP) - filled points; low 
probability (LP) — open points; repetitions — circu- 
lar points; alternations — triangular points.) 
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ion 
3,750 msec. (RT as а [ie у 
of sequential position in series of ЕПА Md EH 
ent events: high probab ty (HP) Ss fille йоне 
low probability (LP) = open points; repe 


Р : Е Р ar points 
= circular points; alternations = triangular | 


Fic. 3. RST 


mean correct RTs for 10 Ss) for еди. 
events, as a function of sequential order 0 ps 
events. As these figures show, every func the 
tends to decrease with the lengthening of € 
sequence of equivalent events, and this ger 
to suggest another kind of expectancy, nai 
S's tendency to anticipate the continua 
of the Sequence in progress. ‚ {һе 
With respect to low-probability events, xe 
saving in time brought about by this Бап 
pectancy is much larger for repetitions ie 
it is for alternations because in the dcr 
case 5 is able to prepare for a single event 
opposed to two (Cond. Cs) or three (Cond. 7 
equiprobable events. This is the reason У E. 
the repetition effect becomes larger bes 
the end of the low-probability sequent 
Also, the second consecutive alternation г 
Cond. С» (where there саге two equivale?" 
low alternations) yields a larger saving. n 
time than the second consecutive alten 
in Cond. C; (where there are three equiva 
low-probability alternations). At longer RS s 
the tendency to anticipate the Un 
of the Sequence in progress seems to be ОУ en 
come, with respect to low-probability EXE 
at least, by Ss’ utilization of objective evel 
probability. T. 
Some evidence for this kind of рери 
which is not visible in Fig. 1, 2, and 3, is ык 
slowing of RTs to high-probability even 
following a single low-probability repetition: 
In Cond. C; for example, the second low- 
Probability repetition is considerably faster 
than the first, while the second low-probability 
alternation is not much faster than the first. 
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Ne m diminishes as RSI increases. 
фео RTs to the second _low-probability 
Sap on are due to Ss’ anticipation of the 
Dr SU continiting, then RTs to a high- 
abiit bi ity event following a single low-prob- 
of 258 терени бп. should ђе slowed. | At RSI 
аге pps RTs toa high-probability event 
па nee faster following a single low- 
Tower UM OR following a single 
ia pex repetition. At RSI of 2,000 
of 3 T pd difference is 13 msec., and at RSI 
Ti 50 msec. the difference is —1 msec. 
vind en hypothesis should thus be 
tenden y in such a way as to include Ss’ 
УЖ a te: expect the repetition of the same 
ёте nd, in addition, his tendency to expect 
Кук а of an equivalent event, i.e., the 
nünuation of the sequence in progress. 
шт et seems at first sight to hi 
prob; ше with the results for high- 
а ality events. Consider the case when 
ien uncertainty is very low for either alter- 
ене 1$ or repetitions, Le., when E's instruc- 
keha be S to expect with the same high 
The s both alternations and repetitions. 
ae y pothesis suggests that there ought to 
effect перецвоп effect, or a negative recency 
Post similar to the so-called gambler's fallacy. 
älter hermore, it suggests that repetitions and 
by SS ought to profit in the same way 
he 5 tendency to expect the continuation of 
ther спер in progress, since in this case 
e = always only one event to prepare for. 
cn ant we have found that there is a repeti- 
thar н ан at the shortest RSIs at least, and 
by de ternations profit more than repetitions 
expl ming late in the sequence. In order to 
еа these findings, it is necessary to con- 
ыз r the fact that the degree of response 
| ponse compatibility in our experiment is 
Ower in the case of high-probability alterna- 
tions than in that of high-probability repeti- 
tions. In other words, it may be that the 
repetition effect found for high probability at 
the shortest RSIs is due to difficulty in ex- 
есип the most probable sequence of non- 
Tepeated events, causing 55 to need a longer 
time in order to select each response. With 
the longest RSI, or in a continuing sequence, 
there is time available for 55 to prepare a 
response so that the repetition effect should 
disappear. In fact, at longer RSIs and at 
later points in a sequence of equivalent events, 
RTs to repetitions (compatible) and to alter- 
Nations (incompatible) are more nearly equal. 
If the first and second responses in a high- 
probability alternation sequence are compared 


ave 


at RSI of 250 msec., the difference is found 
to be 42 msec. (Fig. 1). At RSI of 2,000 
msec. this difference is 30 msec. (Fig. 2), and 
at RSI of 3,750 msec. the difference is 22 msec. 
(Fig. 3). Comparing the most compatible 
sequence (1-2-3-4) with the average for all 
sequences, at 250-msec. RSI the drop is 12 
msec., or 28% of the average; at 2,000-msec. 
RSI the drop is 18 msec., or 59% of the 
average; and at 3,750-msec. RSI the drop is 
16 msec., or 70% of the average. The longer 
the RSI, then, the smaller the effect of re- 
sponse-response compatibility on the serial 
position function. Also, the longer the RSI, 
the flatter the serial position function for high- 
probability alternations. This is in contrast 
to the serial position function for high- 
probability repetitions, which becomes steeper 
with increasing RSI. It appears likely that 
S's tendency to anticipate а repetition accounts 
for some of this interaction since the tendency 
to anticipate an event repetition, regardless 
of the objective probabilities, is presumed to 
have its greatest effect at short RSI. 


CONCLUSIONS 


In conclusion, these data seem to be handled 
well by five explanatory principles, although 
the fine detail of how these factors operate is 
not perfectly understood. The slowing of RT 
with increasing RSI is attributed to Principle 
1: that greater temporal uncertainty leads to 
longer RT. The advantage of high-prob- 
ability over low-probability responses is at- 
tributed to Principle 2: that Ss' knowledge of 
objective event probabilities enables them to 
respond more quickly to more likely events. 

The advantage of repetitions over alterna- 
tions, especially at short RSI, is attributed 
to Principle 3: that Ss tend to anticipate an 
event repetition, regardless of objective event 
probabilities, for some period of time following 
each response. It seems that Ss with a long 
RSI during which to evaluate objective event 
probabilities are less apt to demonstrate this 
recency effect. 

The shorter RTs to later events in a sequence 
of Д equivalent events are attributable to 
Principle 4: 5з tend to anticipate the con- 
tinuation of a sequence, and when such antici- 
pations are confirmed, RTs are fast. At longer 
RSIs, this tendency, with respect to low- 
probability sequences, is overcome by Ss’ 
utilization of objective event probabilities. 

Finally, the convergence of the serial posi- 
tion functions for high-probability repetitions 
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and alternations, with increasing RSI, is due 
to Principle 5: compatible response sequences 
require less time to reach their asymptotic RT 
than incompatible sequences. 
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EFFECTS OF ATTRIBUTE PROBABILITY IN А 
MEMORY SEARCH TASK? 
JOSEPH DUMAS; ELAINE GROSS 
Oakland University 
лхо STEPHEN Е. CHECKOSKY 


Lake Forest College 


In two experiments, 
displayed two-dimensi 
ized set of three patterns. 
bility attribute (HP). 
probability of a YES response gr 
probability of a NO response. 


Тће structure ol 


Ss were asked to respond either YES or N 
nal pattern had been contained in a pr 
'Two of the three patterns shared one high-proba- 
f the stimulus sets was such that the 
iven the HP attribute was greater than the 


The results 


that reaction times to patterns having 


patterns not containing the HP 
NO respor It was conc 
search tas! 
comparison and respor 


К шы the past 20 yr. there has been a 
не (Ri interest in the use of reaction 
Perha T) to study cognitive processes. 
ON the most influential use of RT pro- 
Work ала come from the memory search 
CXperin Sternberg (1969b). In a typical 
бе iment, Ss аге shown a small set of 
are i and asked to memorize them. They 
па) hen shown a single item (the test stimu- 
ds ia asked to pull one response lever if 
and sat stimulus was in the memorized set 
oe if not. Л he size of the memo- 
x ion (M) is varied and the average КЛ 
ree set size is obtained. Sternberg 

ја 6, 1967) has found in this situation that 
Lin is a linear function of M and that the 
Ctions for positive and negative re- 
„рев are parallel. Sternberg (1969a) has 
T ered a theory of processing in this task. 
fue theory is cast in the form of a descrip- 
ton of a sequence of stages. At Stage 1 
(Stimulus Preprocessing) à representation 
Of the test stimulus is formed. At Stage 2 


Stimulus Comparison), this representation 
fro Ехрегітепе I was supported by Grant 22022 
Р om Oakland University. Experiment II was 
“upported by Grant MH-18702-01 from the National 
ү ш of Mental Health. The authors wish to 
BM Gary Klein and D. James Dooling for their 
elp, 

? Requests for reprints shou 

umas, Department of Psychology, 
Versity, Rochester, Michigan 48063. 


1а be sent to Joseph 
Oakland Uni- 


о 


is characterized by self-terminating 
ase selection stages can occur in parallel. 


о that a visually 
eviously memo- 


from both experiments showed 
the HP attribute were faster than 


attribute for YES responses but slower for 
luded that the comparison stage in a memory 


feature testing and that the 


is compared with each of the items in the 
target set one at a time. At Stage 3 (Regis- 
ter Checking), the outcome of Stage 2 is 
evaluated, e.g., whether or not a match has 
been encountered. At Stage 4 (Response 
Selection), an appropriate response is se- 
lected and, at Stage 5 (Response Execu- 
tion), this response is executed. 

Two aspects of this theory of stages 
should be emphasized. First, the stages 
described above are presumed to reflect not 
only separate classes of information-proc- 
essing operations, but more strongly are 
presumed to occur in strict temporal order. 
That is, a subsequent stage is not initiated 
until the previous stage has been completed. 
In the present research, the question is 
raised whether Stimulus Comparison and 
Response Selection necessarily reflect non- 
overlapping stages of processing. An alter- 
native would be a conception whereby Re- 
sponse Selection can be initiated while com- 
parison operations are being carried out. 
Thus, at least in part, these stages could oc- 
cur in parallel. Second, the operations at 
the Stimulus Comparison stage are carried 
out exhaustively. 'That is, the test stimu- 
lus is compared with all of the target set 
items regardless of the outcome of any 
early comparison. Sternberg's (19692) ex- 
planation for exhaustive comparisons is re- 
flected in the operations postulated at 
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Stage 3, the Register Checking stage. It is 
not until this stage that S receives and 
makes use of the outcome of the operations 
at Stage 2. Recently Checkosky (1971) 
and Dumas (1972) have reported evidence 
that indicates that the memory comparison 
process is a self-terminating dimension-by- 
dimension examination of the memory set. 
The present research also questions the ex- 
haustiveness of the comparison process and 
indicates that Ss can make use of feedback 
from early comparison operations before all 
potentially informative comparisons have 
been completed. 

Тће major independent variable in the 
present research is the probability that a 
response (YES vs. NO) will be correct given 
the presence of particular attributes in the 
test stimulus. Consider the set of stimuli 
used in Exp. I (see Fig. 1). In the positive 
set, the shape dimension has three attri- 
butes (circle, square, and triangle) and 
clock position two attributes (12 o'clock 
and 4 o'clock). In a block of 48 trials, half 
of which required a YEs response, each posi- 
tive set pattern occurred eight times. In 
the negative set, there were two groups of 
patterns. The Clock Nos which share the 
clock position attributes with the positive 


POSITIVE SET NEGATIVE SET 


CLOCK NO'S 


о од 
О Е 
~ Gow 


hd uL) 


Fic. 1. A typical positive and negative set used in 
Exp. I 
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set occurred three times each, while E 
Shape xos which share the shapes occurre 

twice each. The probability that the E 
response is correct given a 12 o'clock ку 
tribute in the test stimulus was .72 (16 оң 
of 22). On the other hand, the 4 er 
attribute gives relatively little informato 
about which response is most likely Gary 4 
43). If Ss can use feedback from n 
feature tests, then, when a 12 o'clock 5d 
tribute is in the test stimulus, S might P 
gin selecting the yrs response before one 
pleting his examination of the shape T: 
mension. If this were the case, then 
to 12 o'clock positive set patterns WOU ais 
faster than to 4 o'clock positive set in 
terns. The responses to 12 o'clock E. 
NO patterns, however, should be slower t o 
to 4 o'clock Clock xo patterns since, UP 

examination of the shape, 5 would have 
inhibit the processing of the positive a 
sponse and begin the selection of the neg: 


be 


re- 


Н ed this 
tive response. Experiment 1 tested 
possibility. 

EXPERIMENT I 
Method 


M. а А single 
Design—Each 5 was presented with à 


= fg 
Positive set of three, two-dimensional patterns od 
each positive set, the shape dimension eon 
three attributes while clock position had only te, 
one of which, the high-probability (HP) attr! Јом 
occurred with two patterns and the other, the The 
probability (LP) attribute, occurred only once: d the 
Clock Nos contained four patterns which sharp at- 
positive set clock positions; two shared the ibute 
tribute while the other two shared the LP ee are 
The Shape Nos consisted of six patterns that е 5 
а positive set shape. Seven pairs of positive osi- 
were used. In each pair, the shapes and cloc! P rion 
tion attributes were the same, but the clock pos at 
that was the HP attribute in one set was the B ions 
tribute in the other. In all cases, clock роз с i 
that were 4 hr. apart were used in the positive osi- 
The HP and LP attributes were always clock Po 
tions. yale 
Subjects —The Ss were 14 right-handed d 
Oakland University undergraduates who were Р“ 
for their participation. ` 


a white 
A pparatus.—Stimuli were projected on à “phe 
screen by a Kodak Carousel KT-800 projector. hen 


Ss' index fingers rested on pastic keys which, | pes 
Pressed, activated a microswitch. Reaction “Gigi 
were measured by a Lafayette Instrument Со: Ф 
tal display stop clock accurate to 1/100 sec- 
clock was initiated with the onset of the slide а" 


stopped when 5 pressed a key, The sequence 


те 


M 


С 
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ready signal, presentation, and reset was controlled 
E timer. Reaction time and response 
Stimuli RE ЕЯ recorded manually by E. 
shape eS ach pattern consisted of a geometric 
D Овог on the perimeter ofa circle. The 
apes were а circle, square, triangle, heart, and 
ciréle сои star. The shapes could appear on the 
Both ее the even-numbered clock positions. 
On a whit a e and the shapes were drawn in black 
Parent Mis heet of paper and Хегохед onto trans- 
Was then e ar paper. The resulting transparency 
Projected E EL a Carousel slide mount. M hen 
cupied 13 2 Е white screen 4 ft. before 5, а slide oc- 
lad a dian, : in. The circle representing the clock 
Were ap. eter of 7 in. when projected. Тһе shapes 
у Pproximately 1 in. across. 
5 Tim eee the trials each day, each S was 
structions ише and negative sets and given | 
Sequence o PEN ng accuracy relative to speed. The 
buzzer falla each trial consisted of a warning 
Presentati owed 1 sec. later by a stimulus 
After Жз ее Гһе interstimulus interval was 5 sec. 
accurae j i response, Ss were given feedback àbout 
also E if the response was correct they were 
was mad Dow fast the response was. Each session 
half of ms bu two blocks of 48 trials each, with 
На а ie stimuli requiring the positive response. 
restriction thy of slides was randomized with the 
likes р that no more than three correct positive 
run, се Correct negative responses could occur in à 
self, р rthermore, а pattern could never follow it- 
day Wels the data analyses, the RTs for the first 
15, Ti luded to permit 5s to abilize their 
data we he bi score for the analysis of the RT 
RTs is a mean for each S for each block of the 
Sbonse each condition. А count of the total re- 
and neg ош was tabulated separately for positive 
a Кайа у, ive responses for each condition to provide 
ative frequency of error (RFE). 


2 


о 


Results 


A he mean RT for cach stimulus type and 
ponse averaged over days, along with the 
Es in Table 1. The RTs for the 
the responses to the two patterns sharing 
ae HP clock position averaged 68 msec. 
eere than the RTs to the patterns having 
x LP clock position. However, for the 
Hs responses, HP patterns averaged 20 
n slower than the LP patterns. Statis- 
nr these data produced a significant 

ain effect of response type, F (1, 13) 
— 82.6, p « .01, as well as a significant At- 
tribute Probability (HP Attribute vs. LP 
Attribute) x Response Type interaction, 
F (1, 13) = 4.96, p < .05. Further, as can 
be seen in Table 1, the error data mirror the 
RTs, with the HP clock position YES re- 
a lower error percentage 


FE, appears 


Sponses producing 
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TABLE 1 


AVERAGE Correct Reaction Time (RT) AND REL- 
ATIVE FREQUENCY OF ERROR (RFE) TO THE 
Нисн-Рковавилту (HP) ахр Low-PROBABILITY 
(LP) ATTRIBUTE PATTERNS FOR BOTH YES AND 


CLock No RESPONSES AND TO THE SHAPE 
No PATTERNS 
| Response 
Measure | YES Clock x0 
Shape 
4 1 NO 
| НР | LP HP | LP 
RT | 801 869 943 | 923 872 
ЕЕЕ .019 .032 .074 .006 .015 


than the LP clock position YES responses, 
while the reverse is true for the NO re- 
sponses. Finally, Ss were faster on Day 3 
than on Day 2, F (1, 13) = 32.3, p < .001. 
However, there were no significant inter- 


actions with days. 


ExPERIMENT П 


The Attribute Probability X Response 
Type interaction in Exp. I suggests that Ss 
receive and make use of feedback from early 
fcature tests in order to initiate response se- 
lection before all potentially informative 
feature tests are completed. If the addi- 
tional feature tests are completed before 
the response is executed, S uses feedback 
from these feature tests either to continue 
selecting and executing the response that 
had been initiated (resulting in a fast RT) 
or he inhibits this response and begins se- 
lecting the alternate response (resulting in 
aslow RT). However, on some of the trials, 
response execution is completed before the 
remaining feature tests and S produces an 
error. 

This analysis would seem to require that 
the RTs to Shape No patterns be equal to 
RTs to the LP-attribute Clock NO patterns. 
Since the LP attribute gives little informa- 
tion about response probability and, since 
both Shape No patterns and Clock No pat- 
terns each share one attribute with the 
positive set, their RTs should be equal. 
However, the LP-attribute Clock No RTs 
were 51 msec. slower than the Shape NO 
RTs. This finding could be accounted for 
by assuming that Ss in Exp. | did not ran- 
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domly select which dimension to examine 
first. If they were biased toward looking 
at the clock position dimension first, their 
RTs to Shape xo patterns would be faster 
than their RTs to the LP-attribute Clock 
NO patterns. 

Experiment II was conducted to repli- 
cate the results of Exp. I while providing 
better control over some possible extrane- 
ous variables. While there is no a priori 
basis for estimating the times for the pro- 
posed process, there are a number of difficul- 
ties in using the times found in Exp. I. 
First of all, there were some individual dif- 
ferences in the Attribute Probability X Re- 
sponse Type interaction. For four of the 
14 Ss the HP Clock No RTs were not slower 
than the LP Clock xo RTs. Second, the 
clock position dimension always contained 
the HP and LP attributes. Thus some of 
the results found in Exp. I may be specific to 
that dimension. Third, because of the 
makeup of the stimulus sets in Exp. I, the 
HP attribute occurred more often than any 
other attribute. This leaves the possibility 
open that effects due to attribute probabil- 
ity occur only in the situation where the 
most frequently appearing attribute is 
mapped unequally to the response set 
throughout practice. 


Method 


Design.—Each S was presented with four condi- 
tions on each of 6 days. In two of the conditions, 
the positive set was similar to that of Exp. 1. The 
two conditions differed only in which dimension 
(shape or color) contained the HP and LP attri- 
butes. In the color condition the color dimension 
contained the HP and LP attributes (see Fig. 2), 
while in the shape condition it was the shape dimen- 
sion (e.g., a red square, a green square, and a blue 
circle). Notice in Fig. 2 that there were three cate- 
gories of NO response based on their similarity to the 
positive set. Each NO-2 pattern shared two attri- 
butes with the positive set. One of the NO-2 pat- 
terns shared the HP attribute with the positive set, 
while the other shared the LP. attribute. Each of 
the No-1 patterns shared one value with the positive 
set, in one case the color and in the other the shape. 
Finally, neither of the хо-0 patterns shared an attri- 
bute with the positive set. Since all nine of these 
patterns were presented an equal number of times in 
a: block of trials, the HI attribute occurred the same 
number of times as the LI attribute. 

The other two conditions. were included for two 
reasons. First, as a replication of two of the condi- 
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POSITIVE SET NEGATIVE SET 


RD OG noe 

RED ШШ RED À 

GREEN А GREEN e 
NO-1 
pu B 
GREEN X 
коо 
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VIOLET 


Fic. ve set used in 


A typical "positive and negati 
Exp. Il. 


that 
when 


е ORC se СОП" 
attribute probability is varied. Both of these онт 


(1972) 
I 


p. 


They differed from the color ant 
conditions only in the makeup of their posit! 4 
In the six-attribute condition, there were po 
terns in the positive set, none of which had es a 
bute in common (e.g., a red circle, a green squa оп, 
а blue triangle.) In the four-attribute cone 
there were only two patterns in the positive se s 
Subjects.—The Ss, two males and six females, 
Lake Forest undergraduates who were paid for 
participation. in-line 
А pparatus.—Stimuli were generated by an H 96). 
display. (Lehigh Valley Standard Pattern Баск 
The рге- and postexposure fields as well as Ше imes 
ground field were uniformly black. Reaction sec 
Were measured by a stop clock accurate to 1/1 ttern 
The clock was initiated with the onset of the Ра 
and stopped when 5 pressed a key. lines 
Stimuli.—The stimuli consisted of white oul un 
in colored backgrounds. The colors were backgro 


were 
their 


0 Ке БШК а ed, grec! 
circles 1 in. in diameter with hues of red, E ere 
amber, violet, blue and pink. The six shape: е 


Е 3 5 izontal li" 
outlines of a circle, square, triangle, a horizonte ове 
Ба а 
segment, а vertical line segment and an 


shapes were clear and were centered 
colored circles, 


Procedure, — 


4 e 
inside th 


«sions 
ach S participated in four condi 
on each of s ssions separated by at least 1 day was 
not more than 2. The order of the conditions adi- 
counterbalanced over Ss on each day. Each ера: 
tion consisted of 24 positive set stimuli and 48 n re 
tive set stimuli. Every shape and color арре n j 
equally often in the positive set for each condit" 
over the last 4 days of practice, [n addition, 827 
‘S's positive and negative set for each condition а 
different for each of the last 4 days. Only the dat? 


у 


EC 


нсы. 


Кот ti 
he last /s Acti xs used i 
analyses. 4 days of practice was used in the 


Results 


е таці from the conditions which 
A E. those of Exp. 1 will be reported 
and ГР ne mean RTs and RFE to the HP- 
alon -attribute yes and No-2 responses 
Eum the хо-1 and хо-0 responses ар- 
colla таш 2. These responses have been 
olores over days, and the shape and 

se саа have been combined since 
not de EE were not significant and did 
ables rer with any of the other vari- 
Due · is їп Exp. I, RTs to the HP-attri- 
Ts ын set patterns were faster than 
lens © the LP-attribute positive set. pat- 
N o However, RTs to the HP-attribute 
Чер ee were slower. As in Exp. Jt 
anal Е mirrored the pattern of RTs. Ап 
and I pt variance computed on the YES 
i er responses showed that both re- 
the еб F (1,7) = 47.34, p < .01, and 
D rae Mtribute Probability X Response 
у interaction, F (1, 7) = 62.40, p < 

ге significant. 
for du 3 presents the mean RTs and КЕЕ 
ieee four- and six-attribute conditions. 

atistically, there was a significant effect 
р ei of хо (No-2 vs. NO-l vs. хо-0), 
огу 1, 14) — 84.83, and a significant mem- 
cn effect (two patterns vs. three pat- 
n in the positive set) for both YES, 
Р T 7) = 13.93, and мо responses, 
there dye 29.43, all ps < .01. However, 
5: were no interactions with memory 
ad. In addition to replicating earlier 


TABLE 2 


‘WeRaGr Correct Reaction Time (RT) AND REL- 

HE FREQUENCY OF ERROR (RFE) то THE 
тон-Рковавилту (HP) AND Low-PROB- 
ABILITY (LP) ATTRIBUTE PATTERNS FOR 

отн Yes AND No-2 RESPON 

THE No-1 anp No-0 PATTERNS 


Response 


мо-2 
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TABLE 3 


E CORRECT REACTION TIME (RT) AND REL- 
FREQUENCY OF ERROR (RFE) FOR THE 
Yes, No-2, No-1, A No-0 RESPONSES FOR 
THE Four-ATTRI E (FA) AND SIX-AT- 
TRIBUTE (SA) CONDITIONS 


Response 
Cond. YES NO-2 хо-1 хо-0 
RT | RFE| RT | RFE RT | RFE| RT | RFE 
FA | 482 | .060 | 575 | -092 462 | .008 | 420 | .001 
SA | 536 | .070 | 623 | .095 500 | .005 | 476 | .002 


findings, the results from these conditons 
can be used to test the assumption that S 
randomly chooses which dimension of the 
test stimulus to examine first. In all of the 
conditions, one No-1 pattern shared a color 
with the positive set and the other shared a 
shape. In both the four- and six-attribute 
conditions, there was no significant differ- 
ence between RTs to these two types of 
patterns (F values less than 1.0). This 
finding is consistent with the assumption 
that for these conditions, 58 randomly 
choose which dimension to examine first. 
However, in the color and shape conditions, 
there was a difference between the two 
No-1 patterns. In both cases, RTs to the 
ҳо-1 pattern which did not share an at- 
tribute with the dimension in the positive 
set that contained the HP and LP attributes 
(in Fig. 2, the blue square) were faster than 
RTs to the other pattern. Thus the aver- 
age RT to No-1 patterns that shared the 
dimension containing the HP attribute was 
473 msec., while the average RT to pat- 
terns containing an attribute from the 
other dimension was 493 msec., F (1, 7) 
= 9.27, p < .05. This effect did not inter- 
act with the color and shape conditions. 
This finding suggests that Ss biased the 


order. in which the dimensions were 
examined. 
Discussion 
Experiment 11, while controlling overall 


stimulus probability and varying attribute 


probability with two new dimensions, repli- 
cated the results of Exp. I. The results of 
these two studies demonstrate that when an 
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attribute of a dimension is unevenly mapped to 
the response set and when that attribute is 
contained in a pattern which requires the more 
probable response, RTs are fast; but when it is 
contained in a pattern which requires the less 
probable response, RTs are slowed. Further- 
more, attribute probability affected the order 
in which dimensions were examined. 

Two conclusions follow from these results. 
First of all, in a memory search task the initia- 
tion of Response Selection does not have to 
wait for the final results of the matching proc- 
ess. This is inconsistent with the rationale for 
exhaustive scanning, namely, that the outcome 
of the matching process is unknown until a 
match register is checked. In the present ex- 
periments, S apparently has information from 
early comparisons available before all the at- 
tributes are compared and uses this informa- 
tion when he can predict with high likelihood 
the probability of a positive response. In ex- 
periments which use stimuli which cannot be 
easily analyzed into separable attributes 
(Garner & Felfoldy, 1970), 5 has no partial 
information which would allow the overlapping 
with response selection to manifest itself. Be- 
cause the stimuli used in the present experi- 
ments have separable attributes, they allow .S 
to use partial information to make some esti- 
mate of response probabilities. Furthermore, 
there are two aspects of the present data which 
indicate that stimuli with separable attributes 
fall within the boundary conditions for testing 
the serial exhaustive model. The memory load 
differences found in Exp. II and by Checkosky 
(1971) and Dumas (1972) are similar to those 
found for stimuli with nonseparable attributes 
(e.g., Sternberg, 1967), and these memory load 
differences for the two types of stimuli 


are in- 
dependent of response type. 
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Second, the matching of the test ЗН) 
with the memory set is а self-terminating CT 
mension-by-dimension feature-testing poc 
Consistent with the findings of Check 
(1971) and Dumas (1972), the differences 4 
tween the types of xo responses in Exp. itive 
dicate that the comparison process is sens! re$ 
to the similarity of the test stimulus wer. 
to the memory set features. The e. 
of early matching information found a E 
present experiments is consistent with à gm 
terminating process, since self-termin ла 
requires that matching information bec rely 
available before the memory set is exhaustiv 
examined. 
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FALSE RECOGNITION AS A FUNCTION OF ENCODING 
DIMENSION AND LAG! 


GLEN A. RASER? 


University of Michigan 


The effects of acous 
sponses were examin 
degree of 
the orthographic d 
continuous recognition memory 
as a function of similarity were 


greater with the orthographic dimension 


orthographic false alarms while others m 
and acoustic similarity pro 
larms rising rapidly over the shortest lags 


constant thereafter. 


Both orthographic 
a 


false alarms. 
shaped lag functions with fals 
and remaining relatively 


оны recent conceptualizations of hu- 
attrib, = have emphasized the role of 
in а es in the storage and retrieval of 
1970. [ws (e.g., Norman & Rumelhart, 
these n nderwood, 1969). According to 
simpl Sanane, an event 15 stored in memory 
set at и a list of attribute values along a 
Eoo: үн relevant to that event. 
is a a зеп limited to verbal stimuli there 
Cem number of effective encoding 
ing пена (Wickens, 1970). In the follow- 
теме, two related dimensions of 
Feriae words, the acoustic and the 
With graphic dimensions, are compared 
ing а to their effectiveness as encod- 
i. imensions at various lags in a con- 
two ous recognition memory task. These 
n. dimensions were chosen for study 

Cause acoustic properties of words have 
een shown to affect performance in a 
Variety of memory tasks (Shulman, 1971). 
n general, however, the acoustic and 
Orthographic properties of words are highly 
Confounded so that it is not always clear 
Whether particular results are due to 
Acoustic or orthographic effects. 
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tic and orthographic similarity on false recogr 
ed in two experiments. 
similarity on both dimensions, on t 
imension only, or on neither dime 
task at various lags. 
found for both dimensions. 


nition re- 


Word pairs having either a high 
he acoustic dimension only, on 
nsion were presented in a 
False-alarm increases 
The effect was 
but only because some Ss made only 
ade both acoustic and orthographic 
duced similarly 


recognition memory 
these experiments for 
First, the paradigm 
offers a relatively direct method of deter- 
mining when a particular encoding dimen- 
sion is being used. If, for example, а word 
is presented for recognition and then 
followed at some later point by another 
word similar to the first along some 
dimension and .S indicates that he recog- 
nizes the second word (makes a false alarm) 
at an above-chance rate, then it may be 
inferred that the dimension on which the 
two words were similar was used to encode 
the two events. Тһе second important 
feature of the paradigm is that the encoding 
process for a particular item may be 
assumed to remain constant regardless of 
the lag at which that item is tested. This 
is true because S has no way of knowing 
at the time of the first presentation of an 
event when that event will be tested. 

Considering the evidence suggesting that 
short-term memory (STM) may be pri- 
marily acoustic in nature (Baddeley, 1966; 
Kintsch & Buschke, 1969), the false 
recognition rate based on acoustic similarity 
should be higher at shorter lags than at 
longer ones. Thus the lag manipulation 
was introduced to provide a more detailed 
comparison of the acoustic and ortho- 
graphic dimensions. 


The continuous 
paradigm was used in 
two major reasons. 
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Design 


Experiment I.—A basic continuous recognition 
memory list included four sets of word pairs, with 
each set having a particular similarity relationship 
between the members of a pair within the set, 
arranged at lags of either 1, 2, 4, 10, or 30 (0, 1, 3, 9, 
or 29 intervening items, respectively, between the 
occurrence of the first and second members of a 
related pair). The four similarity relationships 
included two levels of acoustic similarity (high or 
low) factorially crossed with two levels of ortho- 
graphic similarity (high or low). Each of the four 
pair types was used equally often at each of the 
five lags. Within a single word pair, there was a 
first presentation (a word in the list without a 
preceding similar word) which could be used to 
estimate the usual false-alarm rate and a second 
presentation (a word preceded by a similar word) 
which could be used to estimate the similarity effect 
on false-alarm rate. Thus the design was a 2 X 2 
X 5 X 2 factorial with the respective factors being 
acoustic similarity, orthographic similarity, lag, and 
presentation. 

Experiment IT.—The design was similar to that of 
Exp. I, differing only in that a list factor with 10 
levels was added. The 10 lists resulted from using 
each word pair within a set at each of the five lags 
and reversing the presentation order within a 
single pair at each lag condition. 


Stimulus Materials 


А pair of words was considered of high acoustic 
similarity only if their pronunciation was identical 
(i.e, homophone pairs) and of high orthographic 
similarity if they had the same length and differed 
only by one letter other than the initial or final 
letter. А pair of words was considered of low 
acoustic similarity if they were not pronounced 
identically and of low orthographic similarity if 
they were not of the same length and if one pair 
member contained at least two letters not contained 
in the other pair member. Thus, the four similarity 
relationships (with examples) were as follows : 
high orthographic and high acoustic (HO HA), 
FOUL-FOWL; high orthographic and low acoustic 
(HO HA), SOUR-SLUR; low orthographic and high 
acoustic (LO HA), cLAWs-CLAUSE; and low ortho. 
graphic and low acoustic (LO LA), CLOUD-CLEAVE, 
HO HA and LO HA word-pair Sets were selected 
from a larger set of homophones collected in an 
earlier study (Raser, 1970), and HO LA and LO LA 
word-pair sets were selected from Thorndike and 

orge. 

L санаде І included 40 pairs within each of the 
four sets along with 80 repeated wordsanda Primacy 
buffer of 30 repeated words in the complete recogni- 
tion list. Four different lists were constructed by 
making four different random assignments of word 
pairs within a set to particular lag conditions. 

In Exp. II, additional care was taken in selecting 
word pairs so that the four pair types were closely 
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matched for word frequency values. Also LO r 
pairs were selected to match LO HA pairs for br 
length and initial letter. A complete recognise 
list included 25 pairs within each of the p Мег 
along with 100 repeated words and a primacy О! Ate 
of 30 repeated words. In both experimento ds 
same lag values were used for repeated Mes 
for the various similarity conditions. Ten di M. 
lists were constructed by counterbalancing 5P aud 
pairs within a set across all levels of lag 
presentation. 


Subjects 


in 
А total of 66 students, 16 in Exp. I andion 

Exp. II, from the Human Performance Села AD 
pool at the University of Michigan 5 rved Ss were 
were paid $1.50 for their participation. Tue vere ase 
run in groups of 2-5. In Exp. II, 5 Jn ks their 
signed to each of the 10 lists in the order 9 
appearance at the laboratory. 


Procedure d 
an 
Experiment I.—The lists were constructed ру 
presented by computer at individual during 
stations. Each word appeared for 2.5 sec: ressing 
which time 5 made a yes ог no response by P either 
the appropriately labeled button located оп cte 
side of the display screen. The Ss were a d seen 
to give a yes response if they thought they МЕ D 
the word previously in the list and a no resP 
they thought it was a new word. 
Experiment 1H.—The same apparatus for P! 
tion and responding was used in Ехр. ith а yes 
word appeared on the screen for 5 se! 24 wit sec 
ог no response required during the first CAVE a 
During the remaining 2.3-sec. period, ctnes? 
certainty rating on a 3-point scale of the uie 
of his response by typing in the appropriate f sponse 
on the keyboard below the screen. E ts for 
latencies were also recorded in both experime? 
the recognition response, 


resenta; 
zach 


RESULTS AND DISCUSSION 


" А 5 1 both 
The main dependent variable in і 


se 
experiments was the number 0 е7 
alarms per condition with а possible ‘anal 
of 0-8 in Exp. I and 0-5 in Exp. П. Ant 
ysis of variance was used in both cases its: 
revealed quite similar patterns of resu 
Significant main effects were toa 23 
orthographic similarity, Ј (1, 15) = 1460, 
p < .01 in Exp. I, F (1, 40) = 8 ity) 
p < .01 in Exp. II; acoustic similar 
Р (1, 15) = &75, p <.01 in EXP: у 
F (1, 40) = 43.91, р < 01 in Exp. 
lag, F (4, 60) = 3.24, р < 05 in Exp: 1; 
Е (4, 160) = 627, p< бү in Exp 1' 


> 
2, 
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and presentation, F (1, 15) = 26.74, p 
sm in Exp. 1, F (1, 40) — 123.24, 
м 01 in Exp. II. Consistently significant 
-way interactions were found when the 
ар factor was involved. These 
p Orthographic Similarity X Pres- 
E ation, F (1, 15) = 26:80) p< .01 in 
T: I, F (1,40) = 126.17, p < .01 in Exp. 
а швов Similarity X Presentation, F 
U, 15) = 4.60, р < .05 in Exp. I, F (1, 40) 
S Eb, p «.0 in Exp. 11; and Lag 
ín D iren Е (4, 60) = 3.11, p < .05 
Ex exp. I, p (4, 160) = 8.00, p < .01 in 
signif П. The only other consistently 
romana higher order interactions were 
5) 'ographic X Acoustic Similarity, F (1, 
>) = 5.71, p < .05 in Exp. 1, F (1, 40) 
erus p < .05 in Exp. П and Ortho- 
aphic Similarity X Acoustic Similarity 
E Presentation, F (1,15) = 16.26, p < .01 
Ex “хр. I, F (1, 40) = 5.66, р < .05 in 
qx gU Experiment II also included a 
Rie actor which did not appear as a 
Snificant main effect. 
ES he results can be best interpreted by 
ре дешен the interactions. First, both 
cmi orthographic and acoustic dimensions 
TNS as relevant encoding dimensions 1n 
this task as evidenced by the significant 
erations of the similarity factors with 
he presentation factor. The exact form 
of these interactions can be seen in Fig. 1, 
phich shows the interaction of all three 
actors, by comparing the solid lines in 
сасћ graph with the dashed lines for the 
Orthographic effect and the closed circles 
With the open circles for the acoustic 
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effect. It is also apparent that the ortho- 
graphic dimension was much more effective 
in producing false alarms than the acoustic 
dimension. This finding is of particular 
importance because of the emphasis placed 
on acoustic effects by some STM memory 
theories. It may be that many demon- 
strations of apparent acoustic effects in 
nore properly be labeled 
orthographic effects because of the high 
degree of confounding usually existing 
between the two dimensions. 
The lag functions for the particular 
similarity relationships examined in these 
studies are also of interest and are shown 
in Fig. 2 along with the hit rates for 
In general, the false-alarm 


repeated words. 
level increases as lag is increased from 1 to 


2 and remains relatively constant there- 
after. The lag factor failed to show any 
consistent interactions with the similarity 
factors. In short, there is no evidence for 
either acoustic or orthographic effects 
being confined to any one retention interval 
or set of retention intervals. 

Two additional analyses of variance were 
performed using the latency data from each 
experiment. Those word pairs which 
received a no response on both the first 
and second presentation were selected and 
the mean differences in response latencies 
(second presentation latency minus first 
presentation latency) for each .S for each 
Lag X Pair Type Condition in Exp. I and 
over a set of five Ss for each Lag X Pair 
Type Condition in Exp. II were used as ће 
dependent variables. Positive latency dif- 


memory should n 


ЕХРП 


PRESENTATION 


1. False-alarm rate as a function of pair type and presentation 


for Exp. I and IT. 
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Fic. 2. Hit rate for repeated words and false-alarm rates for the first 
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EXP П 


LAG 


ИТИНЕ. 
and second presentations 


the four word-pair types as a function of lag for Exp. I and II. 


ferences are interpretable as reflecting the 
effectiveness of a particular encoding di- 
mension as it is reasonable to assume that S 
will take longer to correctly reject an item 
that is similar to one he has seen previously 
than to correctly reject an item unrelated to 
any previous item. The results of these 
analyses closely paralleled the false positive 
results. In both cases, both the ortho- 
graphic and acoustic dimensions were 
effective with the orthographic dimension 
showing a greater effect. Again the lag 
functions were relatively flat over all but 
the very shortest lags. Thus the same 
general set of conclusions must be drawn 
using either a false positive Measure or a 
latency measure to make inferences about 
encoding processes, 
There is an addition 


al qualification on 
the above 


results which should be men- 


tioned, When individual Ss' response 
ORTHOGRAPHIC 55 (n=19) 
ш 40 
ч 
a 
=: 
a 
4 
ur 
< 
ш 
N) l 
= 
< 
шц. 


LAG 


Fic. 3. False-alarm rates for second prese. 
5s and for orthographic 


XE. 
30 


ntations as 


А amined, it 
patterns for Exp. II were egamni be 
зсате annarent i cou 
soon became apparent that Ss those 


easily categorized into three groups tho- 
giving above-chance false alarms for ОГ i 
graphic similarity only, those giving X 
chance false alarms for both pice |: 
orthographie similarity, and those W re- 
false alarms on second presentations b 
mained at chance level. False-alarm E ле 
as a function of pair type and lag for 

first two groups of Ss are shown m the 
While any generalizations about simila 


| the 
effects and retention interval still apt 
greater effectiveness of orthographic rom 


acoustic similarity appears to result pee 

differences between Ss rather than ther 

factors operating within a given 5. OF ear 

graphic and acoustic similarity pii o 

about equally effective within the Se 

58 showing acoustic effects. eather 
One possible reason for these га 


ORTHOGRAPHIC AND ACOUSTIC 55 (n= 25) 


LAG 


à function of pair type and lag for orthographic 


and acoustic Ss from Exp. II. 


4 


| 
| 
| 


м 


н differences is that those 
ено E анн acoustic and orthographic 
m ima have been repeating the words 
Vans] a з and thus providing both 
ihe ‘Se nd Hcpusue input while the remain- 
tie co have avoided such activity. 
пару ын is that some 55 may 
ти pre er using а visual memory code. 
рын there is no justification for 
bius g one hypothesis over the other 
Th the data available from this study. 
au above olitained results are partially 
rri nt Eu those from a study. by 
© к (1 968) which compared four kinds 
бой cues in a task similar to the 
шу o бын recognition memory task. Breg- 
con lists of words with either 
et ane phonetic, graphic, or semantic 
after cues at lags ranging from 1 to 96 
His Buena, of the target words. 
ae Lior and graphic cue conditions 
the QM interest. In both cases, 
recall Lene of the cue in producing 
ee | eclined rapidly over the shortest 
no. with a greatly reduced rate of 
m ~ thereafter. His retention curves 
Wife call using phonemic and graphic cues 
while b requi indistinguishable. . Thus 
in his there were no interactions with lag 
indic study, there was also no evidence to 
ae rat any greater effectiveness of one 
ype over the other. 

Pen oe the above results provide 
ce for the use of orthographic 
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features, to an even greater extent than 
acoustic features were used, in a continuous 
recognition memory task with visual pres- 
entation. This result was consistent across 
a wide range of lag intervals and was 
obtained with variation in presentation 
rate and with different proportions of 
repeated items in the recognition list. 
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MODIFICATION OF PERCEPTION BY CLASSICAL 
CONDITIONING PROCEDURES! 
C. RICHARD CHAPMAN anxn BEN W. FEATHER ? 
Duke University Medical Center 
Perceptual sensitivity (d') and response bias (Cz) were estimated in a task 


where Ss were required to recognize a brief visual stimulus. The stimulus 
(CS) was then displayed 5 sec. before an electric shock (UCS) in a series of 


classical conditioning trials. 
demonstrated significant d' 


The ability of an individual to perceive 
a brief visual stimulus having strong 
emotional associations has been studied 
extensively. The literature on perceptual 
defense has examined increases in recogni- 
tion thresholds (ог stimuli which аге 
threatening or taboo compared to those 
for neutral stimuli. In a review of this 
literature, Natsoulas (1965) noted that 
response variables are extremely important 
in the defense phenomenon. Не suggested 
that perceptual defense may reflect the 
effects of emotionally charged stimuli on 
the response system while the perceptual 
system remains unaffected. 

Goldiamond (1958) reported that per- 
ceptual vigilance or sensitization is also 
observed for certain kinds of threatening 
word stimuli; ie., lower thresholds аге 
evident for the recognition of affective 
words than for the recognition of neutral 
words. Examining perceptual defense and 
vigilance in light of the psychophysical 
methodology employed in this literature, 
he concluded that most of the perceptual 
defense or vigilance research has failed to 
provide information about perceptual proc- 
esses, since response variables significantly 
affect thresholds. After evaluating. the 

1This investigation was supported in 
Research Training Grant 5 T01H00164 
National Institute of Child Health 
Development, by a Public Health Service Career 
Development Award 5 K02 19523-08, and by 
National Institute of Mental Health Grant 5 501 
icem reprints should be sent to C, 
Richard Chapman, Department of Anesthesiolo; à 
Mail Stop RC-40, University of Washington School 
of Medicine, Seattle, Washington 98105. 


part by 
of the 
and Human 


Repetition of the stimulus recognition task 


increases and significant С; decrea: 
changes were evident in controls who received no condi 


of this finding to perceptual defense is noted. 


s. No such 
The relevance 


tioning. 


in con- 


assumptions of threshold theory pro- 


trast to the alternative methodology ae 
vided by signal detection theory hold | 
diamond suggested that the been 
approach is an inappropriate PSY he- 
physical tool for the study of these P 
nomena. 

Signal detection theory (Green & EN ues 
1966) provides a model which coii а 
perception as both a sensory pm 
and a decision-making response invo nce: 
the processing of the sensory ехрепе ів 
The methodology associated wit 
model yields two numerical indices oid 
perception in place of the single thres ure 
estimate. The first, d’, is a relatively Fica 
estimate of sensitivity to the phys 
stimulation. The second measure 
represents the perceiver's response 
ie., his willingness to report that he 
seen the stimulus. er- 

Two studies have examined oe a 
ceptual defense and perceptual vig! i - 
phenomena using detection theory met ee 
ology. Van Egeren (1968) prese” E 
neutral and affect-arousing words tO "у 
tachistoscopically. No differences e 
were evident when recognition of neu 
words was compared with recognitio eey- 
affect-arousing words. Significant di p 
ences were evident, however, in P 
bias for the two types of words such ker | 
Ss were less willing to report the recognit! у 
of aflect-arousing stimuli. These 4 i 
demonstrate a defense effect which 
purely a response variable phenomenon. b 

Dorfman (1967) Presented taboo WO” Е 
tachistoscopically to Ss, 


D 


wets, 


kt 
bias: 
has 


a 


varying the 
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lo cape of the taboo words. He 
E en that d’ was higher for taboo 
созат neutral words, а perceptual 
ies ri puram and that response 
о E ed Min: a priori probability of the 
ant Cec, On the basis of the Zajonc 
Hitionad ma (1965) observation that con- 
tensity P increases the perceived 11- 
sized A à stimulus, Dorfman hypothe- 
With а conditioned fear was associated 
ores T words and that this fear had 
Nord ed the discriminability of the taboo 
m. his Ss viewed. 

a Present experiment is a fi 
asic cr of the perceptual processes 
и the recognition of threatening 
вц In this study Ss perceived a 
qualities that had taken on affective 
Еревеј through classical conditioning 
ures in which a neutral geometrical 

Dow Ta was followed by an electric 
tionin CS). The effects of the condi- 
and iS process on perceptual sensitivity 

response bias were examined. 


urther 


METHOD 


25-yr.-old men from the 


Subjects, —Thirty-six 18- 
d as paid volun- 


p^ Univer ity community serve 
И. , receiving $5.00 each. 
d M ни Kodak (Model 860) Carousel 
sound, ed through the acoustical glass window of a 
slide Mg eae either a random visual noise 
he үле ide superimposing a triangle on the noise. 
mSünted 5 appeared on a 91.5 X 61 cm. screen 
chair рош 183 cm. before S's reclining 
by p he speed of slide presentation was controlled 
roses Alphax shutter mounted on the telescoping 
dcl Jector lens and triggered by the action of a 
enoid. 
зс electrodes were att 
uds of the nonpreferred han 
MU the shock source being an 
a built-in stimulus isolation circuit. 
- The Ss made responses to the stimuli by pushing 
oe of four toggle switches mounted on a lap-held 
box, 30.5 X 6.3 X 6.3 cm. Two of the switches 
Were labeled Triangle-Somewhat Certain, and 
qtiangle-Certain. The others were labeled Blank- 
omewhat Certain, and Blank-Certain. 

A PDP-12 computer was used to control the 
random order of slide presentation, the triggering 
of the Alphax shutter, the delivery and duration of 
the shock, and to record and tally Ss’ responses 


to each slide. 

Experimental design.—The Ss were randomly as- 
signed to three treatment groups of 12 Ss each, an 
Experimental group and two Control groups. 


ached to the fourth 
d of all Ss receiving 
autotransformer 
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Measurements of perceptual processes were made 
both before and after treatment for each group. 
For the Experimental Ss, treatment consisted of a 
conditioning session in which the triangle became 
the CS for a painful shock. A Random-Shock 
Control group experienced the same number of 
shocks but with no stimulus contingencies. А third 
group, No-Shock Control, received the same visual 
experiences as the preceding groups, but no shock 
was given or mentioned in the instructions. АП 5з 


were run individually. 
Procedure. —The experime 
three parts with an initia! 


preceding the first part. 
The initial adjustment procedure served to (a) 


accommodate the difficulty of the task to the 
individual 5 and (b) to fam ize S with the experi- 
mental situation. The Ss were instructed to view 
slide presentations in blocks of 20 trials апа to 
report on each trial whether the triangle was present 
or absent, indicating the certainty of each decision. 
The background light level was adjusted until S 
responded within a specified performance range such 
that the probability of a correct detection was 
between p = .6and p = 8. Blocks of 20 trials were 
repeated until S met this criterion. 

Before Part 1, Ss were told that a trial would 


begin with the ofiset of a white light 2 sec. before 
the slide presentation. 


The stimulus duration was 
Л sec., and 5 was given 


4 sec. in which to respond. 
At the end of the 4 sec., the onset of the white light 
marked the beginning of the intertrial interval (ITI), 
which lasted 4, 5, or 6 sec. on a random schedule. 
The offset of the light signaled the beginning of the 
next trial. If S failed to respond, the trial was 
repeated. Part 1 consisted of 150 trials with a 
5-min. rest after 75 trials. 

At the end of Part 1, electrod 
Ss in the Experimental and Random- 
groups. The criterion for the level of shock was that 
it should be painful and above 2 ma. The mean 
shock level for the conditioning 55 was 2.68 ma.; 
it was 2.93 ma. for the Random- hock Control Ss. 
Each 5 was told that 24 extended slide presentations 
would follow and that he would make no responses 
during these presentations. Ап equal number of 
triangles and blanks was presented, with the slides 
being n random order and of 6-sec. duration. 
Experimental Ss received а 1-sec. duration shock 
5 sec. after the onset of a triangle slide. These Ss 
were told that the shock was contingent on the 
presentation of the triangle. Random-Shock Con- 
trol Ss received identical shocks, six occurred after 
triangle onset, and six occurred after blank onset, 
with the shock occurring 3, 5, or 7 sec. after the 
stimulus according to a random schedule. Тће 
third group, No-Shock Control, viewed the two slides 
at 6-sec. durations but received no shock. Randomly 
ordered ITIs of 19, 20, ог 21 sec. were used for each 
group. 

The third part of the experiment was identical 
to the first part with the exception that the Experi- 
mental Ss and Random-Shock Control Ss received 
four additional .5-sec. shocks at the usual intensity 


nt was divided into 
1 adjustment session 


les were attached to 
Shock Control 
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level. The Experimental Ss were shocked .5 sec. 
after the brief presentation of the triangle at four 
points during Part 3. Random-Shock Control Ss 
received two analogous shocks after the presentation 
of triangle slides and two shocks after the presen- 
tation of blank slides. Fourteen-second ITIs 
followed the shock trials. Two of the shock trials 
occurred during the first 75 trials of Part 3 and the 
remaining two occurred during the last 75 trials. 
No shocks were given to the third Control group. 


RESULTS 


Responses to noise alone (N) and to the 
signal plus noise (SN) were analyzed 
Separately for Part 1 and Part 3 of the 
experiment. The rating-scale methodology 
associated with signal detection theory 
(Hake & Rodwan, 1966) was used to 
estimate perceptual sensitivity (d’) and 
response bias (Су. This process is best 
described as the generation of a receiver 
operating characteristic (ROC) for each iS, 
Le. a function relating correct identifi- 
cations of SN, hits, to incorrect reports 
of № as SN, false alarms. In this study, 
each S's rating category response tallies 
were cumulated from ky (Triangle-Certain) 
to kı (Blank-Certain) and then converted 
to probabilities. This procedure provided 
three sets of hit rate (HR) and false-alarm 
rate (FAR) values. 

For simplicity, HR and FAR values were 
averaged across Ss within groups, and 
ROCs were generated from these means to 
represent each of the three groups. By 
plotting HR and FAR for each category on 
double probability paper, each ROC was 
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obtained as a linear function. Figure 1 
presents the Part 1 and Part 3 ROC func 
tions for each of the groups. а 
The nature of the ROC provides certam 
basic information about the опену 
hypothetical probability distributions E 
the signal detection model (Green & Swe А 
1966). Since cach set of points Ww 
single straight line reasonably well, ы 
distributions may be assumed to һе леи d 
The slope of each function is a ratio of A 
standard deviations of the distributio 
e.g., a slope of 1.0 means that the varianc 
of the two distributions are equal. el 
which provides the slopes for cach of es 
functions in Fig. 1, indicates that the slop 
are consistently greater than 1.0. arch 
While in most signal detection mo 
it is assumed that the variances of the ae 
distributions are equal, Green and p 
(1966) have noted that in many ae 
ROCs are asymmetrical and consistent wa 
an alternative assumption that AM/Ac ‘the 
where AM is the difference between л 
means of the hypothetical distributions", 
Ac is the difference between the pum 
deviations. The AM/Ac ratios in Tas 
suggest that these data fit the altera. 
assumption better than the more Гати“ 
equal variance model. for 
In order to evaluate the d’ differences 19, 
each group across Part 1 and Part 3), 
values were estimated for each S according 
to the method introduced by Richards а 
Thornton (1970). Specifically, а Pes 
parameter (a,d’) least-squares fit of 
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TABLE 1 
-TO-SiGMA RATIOS 


MEAN Storrs Axp М 


FOR Part 1 AND PART 3 
| | Part 
Group Measure a 
ra s 
Experimental [Slope | 1.50 | 1.48 
AM/Ae| 415 | 5.99 
Random-Shock Slope 1.27 1.26 
Ne gnal |AM/Ac | 4.67 6.26 
eene Slope 1.59 1.46 
E. го AM/Ae| 346 | 3.87 
data | 
‘ta to the formula 


[1] 


и slope of the ROC, а, into account 
of "s estimation of d' from the three sets 
HR i, deviate transforms of the 
T sx) and the FAR (Zx). 
к hifted of the Ss in the Experimental group 
of the бый perfect discrimination in Part 3 
ad's experiment. These Ss were assigned 
obs Score for Part 3 equal to the highest d 
erved in the study. 
the еп analysis of variance 
diner 1966) was performed on the d 
E 5 obtained for each S, with groups as a 
E сеп-55 variable and Part 1 versus Part 
С in within-Ss variable. The main effect 
b y was significant, / (2, 33) = 5.07, 
Ban ^K as was the effect for Part 1 vs. 
dran , PS, 33) = 4.99, р < 05. The 
MS x Parts interaction was also signifi- 
i P(2,33) 9 5.91, Ре .01.  Sheffé 


й = 2м -— aüZsN 


Cont 

ntrasts were performed on Part 1 and 

Part 3 means for each group with @ = .05. 
for the 


significant 
but the contrasts for 
ailed to reach 


condi contrast was 
e Itioning. group, 
а of the Control groups | 
à 'enificance. 
288 results indicate that 
ie Itioning procedures resulted sign 
The increase in perceptual sensitivity. 
SES Random-Shock Control Ss demon- 
th Ated that this increase was not due to 
I arousal associated with the noxious 

hock. The No-Shock Control Ss showed 
that the effect observed was not due to 
Practice. 

This study supports the hypothesis that 


the classical 
in a signifi- 
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classical conditioning procedures can modify 
the perception of stimuli. Feather and 
Wells (1967) demonstrated that the per- 
ceived intensity of a shock (UCS) could be 
distorted by the pairing of a tone (CS) 
with the shock. In the present study, the 
sensitivity of Ss to the CS was enhanced 
by the pairing of the CS with a UCS, thus 
suggesting that the perceived intensity of 
the CS was increased. The outcome of this 
experiment concurs with the Feather and 
Wells observation that 5 sec. is the optimal 
ISI for perceptual modification. 

Measures of response bias were also 
obtained in this study. Ingham (1970) 
has introduced an index of response bias, 
here termed Cr, which estimates bias in 
normal deviate units. The index, 


С. = 2х + Zsxs [2] 


тоге consistent between 
familiar likelihood ratio 
1 Ingham has noted 


tends to be 
sessions than the 
estimation of bias, and 
that the C; index approximates an orthog- 
ationship of bias to d’ better than 


onal rel 
The Ingham index 


the likelihood ratio. 
was obtained for each of the rating cate- 
gories except Certain-Blank for each S in 


both Part 1 and Part 3, excepting the two 
liscrimination in 


Ss shifting to perfect c 
Part 3. 

То evaluate response bias changes, mean 
shifts in C, were obtained within Ss across 
the three categories. The mean change 
across Ss in the Experimental group was 
an increase of .27, while for the Random- 
Shock Control and No-Shock Control 
groups mean decreases of —.33 and —.13 
were observed, respectively. A one-way 
analysis of variance for unequal по was 
performed on the mean C, shift scores, and 
a significant difference among the means 
was observed, F (2, 31) = 3.88, p < .05. 
Thus, Ss experiencing conditioning showed 
an increase in willingness to report the 
signal during Part 3 in contrast to the 
Control groups, who showed decreases. 
This change may reflect the reaction of Ss 
to their augmented sensitivity to the signal. 
In other words, if Ss noted that the 
triangle was easier to perceive during 
Part 3, they may well have reacted by 
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increasing the frequency of triangle reports 
on all trials. 

It should be noted that the mean corre- 
lation of d' and C;, averaged (with Fisher 
Z transforms) across b, Ёз, and k» cate- 
gories, and all groups, was small (r 
= = 006). "Thus, sensitivity and bias 
estimates were orthogonal. 

This study is directly relevant to the 
literature on perceptual defense and vigi- 
lance since it demonstrates an increase in 
Perceptual sensitivity to a threatening 
stimulus when the effects of response bias 
are taken into account. The d’ increase 
observed here is consistent with Dorfman's 
(1967) finding that a higher d’ is evident 
in the Perception of taboo words than in 
the perception of neutral words. Van 
Egeren (1968) reported no d’ difference 
between the affective words and neutral 
words, in contrast to the present study and 
Dorfman's experiment, but the uniqueness 
of his observations are probably due to 
basic procedural differences, Specifically, 
Van Egeren required Ss to do three things: 
(a) discriminate a neutral stimulus from 
another neutral word, (b) discriminate an 
affective stimulus from another affective 
word, and (c) discriminatean affective stimu- 
lus word from a neutral word, or vice versa, 
No blank trials were used. Each d’ score 
was therefore analogous to the concept of 
a differential threshold or a just noticeable 
difference. In the Dorfman study, Ss were 
given blank trials as well as threatening 
and neutral stimuli, so that the d's reported 
by Dorfman were analogous to absolute 
thresholds; i.e, each was an index of 
how well .S could distinguish between the 
stimulus and nothing, Similarly, in the 
present study, blank slides were used so 
that each d’ was conceptually similar to ап 


absolute threshold. This experiment, Рогі" 
man's work, and Van Egeren's stu y 
suggest that absolute sensitivity tO E 
threatening stimulus is greater than а 
lute Sensitivity to a neutral stimulus, E. 
that discrimination between threatens 
stimuli does not differ from discriminati 


between neutral stimuli. 
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EXPECTED VALU 


DISTRIBUTION OF 


E AS A DETERMINANT OF THE 


ATTENTION ! 


HARVEY G. SHULMAN ? AND RONALD P. FISHER 


Ohio State University 


The ability to control the distribution o! 


sources was studied in two experiments. 
stimulus consisting of a simultaneous light and tone was presente 


{ attention across two information 


On each trial, a 50-msec. compound 
d. Following 


stimulus presentation, S was cued to judge either brightness or pitch. In 
Exp L the cuing probabilities for the two stimulus dimensions were varied, 
and in Exp. II the payoffs for correct responses were varied. In both experi- 
ments, Ss were able to distribute their attention in proportion to the expected 
value of attending to each stimulus dimension. 


The divided-attention, or time-sharing, 
paradigm has been used in at least two ways 
їп the study of human performance. First, 
Such methods are useful for the study of 
attention per se, although they have been 
used less for this purpose than selective 
attention paradigms. Lindsay (1970), for 
{сире relied heavily on divided-atten- 

On studies in developing his theoretical 
approach to attention and problems of 
Capacity sharing between multiple inputs. 

А second use of divided-attention para- 
digms has been as a method for monitoring 
the information-processing load caused by 
the performance of a given primary task 
in terms of the decrement observed in the 
Simultaneous performance of a secondary 
task. The basic principle involved is 
analogous to Archimedes' principle, which 
Provides a method for measuring the 
Volume of a solid object in terms of the 
amount of water it displaces when im- 
Тегвед, Johnston, Greenberg, Fisher, and 
Martin (1970), for example, measured the 

ifficulty of various tasks such as stimulus 
encoding, retention, and response genera- 
lion in terms of differences in performance 
Obtained between a manual tracking task 


Performed simultaneously with the task 

1 This research was supported in part by the Air 
Force Office of Scientific Research, Office of Aero- 
Space Research, United States Air Force, under 
Grant AFOSR-69-1669 to the Ohio State University 

esearch Foundation. 
..* Requests for reprints should be sent to Harvey 
Shulman, Human Performance Center, 404-B 
West 17th Ave., Columbus, Ohio 43210. 


of interest and the same tracking task 
performed alone. 

One of the critical assumptions made in 
using time-sharing paradigms in this way 
is that it is possible to control S's distribu- 
tion of attention to the primary and 
secondary tasks. Through payoffs or in- 
structions, an attempt is made to induce 
the set to devote only as much capacity 
to the secondary task as performance on 
the primary task will permit. Given that 
a person can control the distribution of 
attention in this manner, changes in 
secondary task performance will accurately 
reflect the amount of change in primary 
task demands caused by experimental 
The ability to establish 
control over the distribution of attention, 
then, is critical to the use of divided- 
attention tasks as measurement devices. 
Furthermore, the extent to which one can 
control the distribution of attention, and 
the parameters governing such control, are 
matters of interest in their own right, 
yet these have not been systematically 
investigated. 

In both of the present experiments, 
time-sharing paradigm was used to study 
the ability to distribute attention across 
multiple input sources in accordance with 
variations in the expected value of attend- 
ing to each source. The two time-shared 
tasks each involved absolute judgments of 
unidimensional stimuli. On each trial, 5 
was presented with a light and a simul- 
taneous tone and was then cued to report 
either the brightness of the light or the 


manipulations. 


the 
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pitch of the tone. In various conditions of 
Exp. I, the probabilities that .S would be 
cued on each modality were varied, with 
the payoff for each correct report held 
constant. In Exp. II, the cuing probabili- 
ties were held constant and the monetary 
payoffs for correct responses on each mo- 
dality were varied. The behavior of 
interest in each experiment was the ability 
of S to allocate his processing capacity in 
proportion to the expected value of attend- 
ing to each dimension. 


EXPERIMENT 1 
Method 


Procedure —The nature of the stimulus event on 
each trial was the same in all experimental condi- 
tions. Each stimulus consisted of the simultaneous 
presentation of a 50-msec. light flash and a 50-msec. 
tone. The visual stimulus could have any one of 
four intensity values, the auditory any one of four 
frequency values. Thus 16 possible two-dimensional 
stimuli were possible, and were each used with equal 
frequency in each condition. The 5 initiated each 
trial by pressing a hand-held button. One second 
later the stimulus was presented and was followed 
after 1 sec. by a cue informing S that he wa 


as to 
report either the brightness of the light or the pitch 
of the tone. Immedi 


А ate feedback was provided by E 
after each trial. 


Verbal responses were assi 
visual intensity levels, and auditory frequency levels 
used as stimuli, The intensity levels of the visual 
stimuli and their labels were 24 ftc. ("опе"), 16 ftc. 
("two"), 11 ftc. ("three"), and 7 ftc ("four"), The 
four tones were equated for loudness at 72 db. and 
had frequencies of 1,000, 960, 920, and 880 Hz., 
assigned the verbal labels of SAM pu "C?" апа 
“D,” respectively. 

In the initial five sessions of the ех! 
S was given practic at the experimental task, in 
order to provide adequate familiarity with the verbal 
labels апа the time-sharing paradigm. Each then 
served in five sessions for Е р. 1, followed by the 
five sessions of Exp. П. Each Session consisted of 
192 trials in a single experimental condition and 
lasted approximately 40 min, 

Design.—In Exp. k each S served in five experi- 
mental conditions differing from each other in terms 
of the proportions of trials on which the tested 
dimension was drawn from each modality, | 
control conditions, the same dimension was tested 
after each stimulus presentation. Hence, in one 
condition, 5 was always asked to judge brightness, 
never pitch, and in another always judged pitch, 
never brightness. These conditions Permit selective 
attention to the cued dimension and therefore 
provide base-line levels of performance for each 
dimension. Ina third condition, each dimension was 


gned to each of the four 


periment, each 
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tested on 50% of the stimulus presentations, Уш 
the order of tested dimensions randomized M 
each session. This condition therefore rea 
to distribute his attention equally across th (Ый 
dimensions in each stimulus. [n the fourt! ie 
fifth) condition, the proportion of trials Ru | 
the visual (auditory) dimension was teated A with 
and the auditory (visual) dimension was bn La 
a probability of .25. Та all conditions E in bonus 
correct response on each trial was worth ~ E cuing 
earnings. The Ss were informed of їйє begin- 
probabilities assigned cach dimension at 
ning of each trial block in a condition. А single 
Each session consisted of 192 trials in [ condi 
experimental condition. The assignment 0 


signing 
на ‚ assigni! 
tions to sessions was counterbalanced by Each 


two 


8 Е atin square: 
two Ss to each row of a 5 X 5 Latin mie occurred 
of the 16 possible two-dimensional stin tness leve 


12 times in each session, and no one bright 3 

or frequency was tested more often uan 8 order 0 

Тһе presentation order of stimuli and td ог 

tested dimensions were randomized separi 

each session. T-—i 
Apparatus.—The S was seated at a SMa јаз 

approximately 1 m. away from an opaqu 


truc- 

ith black constr 

panel whose surface was covered with Басе an open 
tion paper. [n the middle of this panel was s bac 


H = А " " wa pem 
ing 2.54 cm. on which the visual stimulus ec bin 
projected. Auditory stimuli were pres 


nes 
^ i adpho 
aurally over Wilson sound barrier heat dicato" 


~ random 
were presented with a Kodak Carousel га 
access projector using slides made from » 
neutral density gelatin filters (Kodak, Nuditor* 
having densities of 40, .60, .80, and 1.0. 2 ne 
stimuli were provided by a set of four SEN 7 
erators, calibrated for fequency prior to сас bs zal 
mental session. The timing of events on са 
was controlled by a Hunter (Model 15 ог 
channel timer, which controlled a ае, ol 
projector and also gated the onset and offse 
auditory stimulus. undef 
Subjects—Five male and five female nse 
graduate students volunteered as Ss in respo ersitY 
an advertisement in the Ohio State ОУС iy 
newspaper. Each was paid a base rate of $1.4 


ibe 
. . * scrib 
Session in addition to the bonus pay de 
earlier, 


о 
= 


gen" 


) six“ 


Dt 
f the 


Results 


~ * rect 
For each S, the proportion of cort B 
judgments achieved on each modality 


each condition was calculated. Table te 
shows these data No 


design which 
probability in 


N 
1 


EXPECTED PAYOFF AS A 


TABLE 1 


Proportion CORRECT AS A FUNCTION 
ОЕ CuING PROBABILITY 


DETERMINER OF ATTENTION 


TABLE 2 


TRANSMITTED INFORMATION SCORES IN BITS 
FoR EACH CONDITION OF EXPERIMENT I 


Cuing probability 


Dimension 25 .50 75 1.00 

x а x ГА 3 а = [4 
Brightness .60 | .07 | .68 | .06 | .70 | .10 | .72 | .09 
itch 48 | 11} .76| .09 | .77 | .09 | .83 | 11 
x 68 279 ЛА 


.78 
| 


ae complementary cuing probability in the 
k пег modality. For example, in the block 
. trials where brightness was the cued 
Tension 75% of the time, pitch was cued 
5% of the time. 
in á analysis of variance was performed 
Which | proportion of correct responses, 
abil; 1 las аз factors modality, cuing prob- 
ity (either .25, .50, .75, or 1.00), and Ss. 
d P Rein effect of modality was significant 
main = .05, with. F (1, 9) = 7.79. The 
Cra of cuing probability was also 
Nas тыш F (3, 27) = 9.25, p< :001, as 
S tne Modality X Cuing Probability in- 
action, F (3, 27) = 5.10, p < .01. 
ei main effect of modality reflects the 
audit, Superiority of performance on the 
Ory judgment task. The Modality 
; Ming Probability interaction is due to 
сане in the shapes of the functions 
‘ the = cuing probability to performance 
ie o two modalities. ; ГаЫе 1 also shows 
бер "ain effect of cuing probability for 
! modalities combined. The proportion 


Toni eee judgments increased mono- 
Seid with cuing probability. Pre- 
С "ably this effect reflects the allocation 


ог cessing capacity to stimulus dimen- 
бе, in proportion to S's changing ex- 
tést ation as to which dimension he will be 

ed оп. 

, Performance was also scored in terms of 
to and transmitted information since 
Ты, Ог, Lindsay, and Forbes (1967) and 

Ving and Lindsay (1967) have used 
lése measures in similar contexts. The 
im of each of these measures resulted 
по difference in the pattern of results, 
ч Significance tests obtained using pro- 


Cuing probability 


Dimension 


1.0%.5/.0° „755/.255 -502/.505 2523/.75h 
Brightness 1.02 98 90 Ti 
Pitch > 1.30 1.14 1.14 1.18 
Total 2.32 2.12 2.04 1.95 


а Cuing probability for brightness. 

v Cuing probability for pitch. T 

e Data in this column аге from the two control conditions 
which would properly be 1.0%/.0% and .04/ 1.0%, 


portion correct as the dependent variable. 
Transmitted information (H+) scores are 
nonetheless reported in Table 2, which 
presents the averages taken after com- 
puting each S's Н, score in each condition. 
Jnlike proportion correct, H, has the 
desirable property of permitting one to 
sum H, scores over conditions, providing 
a potential means of determining whether 
the total amount of discrimination ability 
remains constant across conditions differ- 
ing from each other in the manner in which 
attention was distributed. The third row 
of Table 2 presents total H, for each cuing 
condition. These data indicate a рго- 
gressive improvement in total performance 
as more weight is assigned to the visual 
dimension. An analysis of variance done 
on total Н, with Ss and conditions as 
factors revealed a significant main effect of 
conditions, F (3, 27) = 7.06, p< 01. The 
control condition resulted in a higher total 
Н, score than in any of the conditions re- 
quiring divided attention, a result which 
might be taken to indicate a decrease in 
oe performance as one changes 
ae 2 e distributed attention. 
tae a ла is best regarded as 
БЕЗЕП wu nut. s result on which it is 
Si plicated in Exp. II. 

dia ded А па for а correct response 
probability im iia across levels of cuing 
Yo each " 44 € expected value of attending 
tas SMa D of the compound stimu- 
ра ~ with cuing probability. The 
E MR à expected value can provide 
алија or capacity allocation is an 

one and may be converged upon 
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by holding cuing probability contant ands 
varying the payoffs assigned to the two 
stimulus dimensions. This manipulation 
was performed in Exp. II. 


EXPERIMENT II 
Method. 


Design and procedure.—The procedure was identi- 
cal with Exp. I, as were the details of the experi- 
mental design. The difference between Exp. I and 
II was solely in terms of the method used to manipu- 
late the expected value of attending to the two 
stimulus dimensions. In all conditions, the cuing 
probability for each dimension was .50. The five 
conditions differed from each other in terms of the 
payoff values assigned to a correct judgment on 
each dimension. In one condition, the visual dimen- 
Sion was assigned a payoff value of -6¢ per trial 
while the auditory had a value of 06 per trial. Ina 
second condition, these payoffs were reversed. The 
third condition paid equal amounts (.3¢) for correct 
responses on either dimension, and in the fourth 
and fifth condition values of 456 and .15¢ were 
assigned to the two dimensions, with one condition 


having the higher payoff for the visual dimension, 
the other for the auditory. 


Subjects.—The same 10 Ss who served in Exp. I 
also participated in Exp. II. Their pay was again 
$1.25 per session plus whatever performance bonus 
they earned. 


Results 


The data were subjected to an analysis 
of variance similar to that used in Exp. I. 
Тће one difference was that in Exp. II data 
were available from both modalities in all 
five payoff conditions, whereas in Exp. I 
the two extreme conditions provided no 
data on the dimension whose cuing prob- 
ability was zero. In Exp. II, the main 
effects of both modality and payoff level 
were significant, F (1, 9) = 8.60, р < .025, 
and, F (4, 36) — 824, p < -001, respec- 
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tively. The interaction between modality 
and payoff level did not approach signi- 
ficance, Р (4, 36) = 1.95. 

Table 3 shows the relationship К. 
the payoff value assigned to а stima 
dimension and performance on thari 
mension, averaged over modalities. 
relationship is similar to that of Exp 3 
although less well described by a E. 
function. Table 3 also gives the proport! | 
of correct judgments made in each pane 
condition for each modality. In be. 
modality, there is a monotonic ipud b: 
performance with increasing payoff va dii 
with the exception that performance un NS. 
the two highest payoffs was nearly M | 
This may well reflect a ceiling on pede ur 
ance set by the discriminability of the aa 
points chosen on each dimension for " 
as stimuli. 


f 


variance, F (4, 36) = 3.80, р < .05. 1 
again appears to be an increase in tota 2 
as the weighting of brightness peret 
However, in Exp. II, unlike Exp. L, ns 
total H, scores in the two control condi rs 
are lower than in the conditions requ” to 
distributed attention. We are unable е 
suggest an explanation for this discrepancy 
Finally, the data from conditions bes 
the same expected value for each corre У 
judgment in Exp. I and II were combine - 
In Fig. 1, the proportion of correct JU r | 
ments in each of these conditions c- 
plotted for brightness and pitch, as a fue 
tion of expected value. These data illustra 1- 
two generalities which cover both expe 
ments. First, pitch judgments were та 


TABLE 3 


PROPORTION CORRECT AS A 


FUNCTION or PAYOFF VALUE 


Payoff value in cents 


Dimension o A45 30 45 Ба 
= а x e ғ ЗА = с * B— 
ыз ай 
Брине | 2 | ДЕ | 4 | УЫ клеш LR SET Tl = 
nu 169 14 15 12 77 ds ‘81 109 :80 06 
* .63 72 174 79 78 


| 


ЕЦ РЕР 


EXPECTED PAYOFF AS А DETERMINER OF ATTENTION 


TABLE 4 


TRANSMITTED INFORMATION SCORES IN BITS FOR 
Eacu CONDITION oF EXPERIMENT 11 


Payoff value in cents 


Dimension 
.60%/05 | .452/, 15^ | .302/.30^ | .152/.45^ | 02/.60^ 
Brightness | 1.02 1.12 
Г .02 412 1.00 OL .69 
itch .98 | 1.15 | 1.16 | 1.31 | 1.26 
Total 2.00 | 2.27 2.16 2.22 1.95 


а Payoff v. F е 
We value in cents for each correct brightness judgment. 
yoff value in cents for each correct pitch judgment. 


Mo matr accuracy than brightness judg- 
Were | probably because the visual stimuli 
M en discriminable from each other 

corer ere the auditory stimuli. This in- 
of pit "we is based upon the superiority 
Dm 4 judgments over brightness judg- 
eXperir in the control conditions of both 
Eom which did not require divided 
Condition: One might ask for a control 
Penso. in which only a single stimulus 

М oa was presented in order to support 

ae nmn that one dimension was easier 
on As other. This type of control condi- 
ient, a not included in the present experi- 
Nd »ecause Tulving and Lindsay (1967) 
Which no difference between conditions in 
imu] visual and auditory stimuli are 
aneously presented and only one is 


O—O PITCH 
ДА BRIGHTNESS 


PROPORTION CORRECT JUDGEMENTS 
e 
54 
o 
T 


1 1 1 1 
о 0075 0150 0225 0300 
EXPECTED VALUE (CENTS/JUDGEMENT) 


ect judgments as а func- 
and II combined. 
ted value of zero 


чоо. 1. Proportion corri 
(Th of expected value in Exp. I 
M Points plotted for an expec 
Те based on Exp. П only.) 
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attended to and judged and conditions in 
which a single stimulus is presented and 
judged. The implication is that the present 
control conditions index the upper level 
on performance possible with the present 
stimuli in the same way that a single stimu- 
lus control condition would. 

The second point to be made with refer- 
ence to Fig. 1 is that the slope of the func- 
tion relating performance to expected value 
is greater for the visual dimension than 
for the auditory. It was this fact which 
produced the significant Modality X Cuing 
Probability interaction in Exp. I. If one 
regards the slope of the functions in Fig. 1 
as an index of the effectiveness of reallo- 
cating processing capacity to each dimen- 
sion, then the inference to be drawn is that 
capacity reallocation has a larger effect on 
the visual than on the auditory dimension. 


DISCUSSION 


The results of both experiments support 
the conclusion that the distribution of atten- 
tion between two sources of information may 
be controlled by 5, in an apparently rational 
manner. This finding, then, provides support 
for the rationale adopted whenever divided 
attention paradigms are used to measure the 
cognitive load imposed by a primary task in 
terms of performance variations on а con- 
current secondary task. 

There are, however, a number of important 
questions remaining to be answered with re- 
spect to the distribution of attention. Assume 
first that a person is to some extent able to 
assign differential weights to potential sources 
of information, and then distribute his atten- 
tion according to these weights. The present 
results indicate that the expected value of 
processing a source of information is one way 
in which such weights can be determined. 
Undoubtedly there are other such determi- 
nants, and the discovery of their functional 
relationships with attention is an important 
problem. In the literature on divided atten- 
tion, for example, there is some evidence that 
S's perception of the relative difficulty of the 
two tasks influences the manner in which he 
distributes attention. Mowbray (1953) found 
that the easier of two tasks consistently under- 
went the greater time-sharing decrement in 
comparison with single-task control perfor- 
mance. Klemmer (1958) equated the difficulty 
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of auditory and visual tasks which were then 
time shared. Klemmer found, as did Mow- 
bray, that the auditory task underwent the 
greater decrement when time shared, suggest- 
ing that under some circumstances Ss may 
assign a greater weight to the visual modality. 

The present results indicate that the pitch 
judgment task in the present experiment was 
less difficult than the brightness judgment task. 
Furthermore, if one compares performance in 
the control conditions of Exp. I and II to 
performance in any of the divided-attention 
conditions, a greater decrement is observed 
for pitch judgments than brightness. Al- 
though these particular findings are consistent 
with Mowbray (1953) and Klemmer (1958), 
there is need for caution in accepting the 
generality of the conclusion that the auditory 
modality will always undergo a greater time- 
Sharing decrement than the visual modality. 
This follows from the possibility that the con- 
trol conditions in Exp. I and II for brightness 
judgments may be constrained by a ceiling on 
performance imposed by the discriminability 
of the brightness values chosen as stimuli. 
If one ignores these control conditions and 
attends instead to the slope of the functions 
in Fig. 1, the visual dimension appears to 
show the greater time-sharing effect. The 
relationship between task difficulty, task mo- 
dality, and time sharing, then, requires further 
exploration. 

There is also evidence, in the literature on 
selective attention, that certain stimuli are 
assigned permanently high weights, and the 
distribution of attention to such stimuli ap- 
pears to be mandatory rather than under S's 
control. Moray (1959) found that Ss asked 
to attend to one verbal message and ignore 
another presented simultaneously were able 
to do so quite effectively, unless the ignored 
message was prefixed by S's own name. Тће 
extent to which the distribution of atten- 
tion is under voluntary control and the situa- 
tional determinants of voluntary control are 
both relatively unexplored areas in which re- 
search is desirable. 

Finally, it is worth noting that in recent 
years much of the research done on attention 
has focused on two related issues. The first 
is whether the selective nature of attention is 
best represented by models based on analogies 
with a discrete switching mechanism (Broad- 
bent, 1958) or a continuous attenuating mecha. 
nism (Treisman, 1969). The second is whether 
this selective mechanism is perceptual or at 
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the level of response selection (Deutsch & 
Deutsch, 1963). None of the positions taken 
on these issues has been particularly Sue 
tible to disproof by experimentation, and ea 
unfortunate consequence has been that ош 
problem areas having to do with ане 
have been largely ignored. The present | 
search implies that attention may ђе rations e 
distributed, a finding that falls outside A 2 
Scope of current models of attention whet | 
they are based on filtering or attenuating, а * 
whether they are selective at the level x 
sensory analysis or response organiza: 
However, no theory of attention can be noe 
sidered adequate in any sense until it inC Hb 
porates a set of statements about the нар 
nants of capacity allocation, as well as Кез 
nature of the selection process that аа 
place when one input is processed and anot 
ignored. 
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STIMULUS GENERALIZ: 
ANAGRAM-PROBLEM SOLVING 


Plattsburgh State U 


Two factorial expe! 
of the letters in the anagrams. Letter pi 
letters in their correct position in Exp. 


. Experiment I used 
design. Analysis of the dat 
effective variables in both Exp. 
Exp. I data showed that serial order 
It was concluded that 
affect stimulus generalization. 


a revealed tha. 
I and 


| Меушавгат-ргоЫет solving has been 
1959. Toh occurring in two phases (Hunter, 
the Se. anson, 1966). First, S rearranges 
енене of the anagram and second, this 
modek wena is compared to some word 
system ps S has stored in his memory 
this bite ied (1972) has suggested that 
ization ME лаве involves stimulus general- 
of the dud SOL all attempted rearrangements 
плин Dor of the anagram will exactly 

Зйрагецу е actual solution word. It is 
when ¢ А iat Ss сап solve anagrams even 
similarity rearranged letters only bear a 
енин y to the actual solution | word. 

Secure, problem in stimulus generalization 
мао Variables stand out in studying 
an Anagr generalization. In constructing 
ters an am, some of the solution-word let- 
they Es appear in their correct position, ог 
Por ons be in their correct serial order. 
hen a ntple; if the solution word is ABCDE, 

RAN would be an example of the 
ав th eris and is referred to in this study 
OF bee variable. | (The letter 
TA E is in its correct position.) Тће 
Se and BADEC would be appropriate for 

Seri atter category and is referred to as the 
ial-order variable. (The letters over- 
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riments were run which varied the 
osition was varie 


ried by having 0 or 2 letters in proper seri 
а between-Ss de 


and letter position were clos: 
both letter position 
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position and serial order 
d by having 0, 1, or 2 
and 0 or 2 in Exp. II. Serial order 
al order for both Exp. I and 
11 used a within-Ss 
serial order were 
ariance on the 
ely related. 
bles which 


I 


sign, while Exp. 
t letter position and 
11. An analysis of cov: 


and serial orders are varia 


lined are in the correct serial order.) It is 
possible to arrange these two variables in 
a factorial design. There are 120 possible 
combinations of five letters. Of these, 
there are 14 anagrams in which neither let- 
ter position nor serial order are maintained. 
The condition which contains anagrams 
constructed in this way will be referred to 
as 0-0, where the first number refers to the 
letter-position variable and the second num- 
ber to the serial-order variable. There are 
28 anagrams which fall in the 1-0 category; 
i.e., only one letter is in its correct position, 
and there are no serial orders. The 2—0 
category contains 10 arrangements; 0-2; 
22; 1-2, 10; and there are 6 in the 2-2 cate- 
gory. Other combinations are possible but 
either do not exist in sufficient numbers or 
cannot be incorporated in a factorial de- 
sign. Thus, the present study factorially 
combines three levels of letter position (0, 
1, and 2) with two levels of serial order (0 
and 2). Five arrangements from each of 
the above categories were used in each 
condition of Exp. 1 and IV in Exp. П.А 
third variable, i.e., solution-word-bigram 
frequency total, was included, because it is 
a solution-word characteristic which might 
bear some importance to stimulus general- 
ization. It was hypothesized that in those 
conditions where serial order was present, 
ie., 0-2, 1-2, and 2-2, high-bigram fre- 
y totals would facilitate S's ‘‘per- 
ception” of the correct letter pairs; thus, 
an interaction should be present. 

Several studies have been concerned with 


quence 


the arrangements of the anagram letters in 
problem solving (e.g., Dominowski, 1966, 
1968; Hunter, 1959; Mayzner & Tresselt, 
1958); however with the exception of the 
Dominowski (1968) study, none of these 
accurately delimited serial-order and let- 
ter-position variables. 

Dominowski (1968) reported an experi- 
ment which was somewhat similar to the 
present study. In his experiment he pro- 
vided Ss with letter-sequence information ; 
i.e., Ss were informed of either the correct 
position of a single letter, the correct serial 
order of two or three letters, or of the serial 
order and correct position of two letters. 
In the sense of the information provided, 
he used the following groups: 0-0 for the 
control, і.е., neither letter-position nor 
serial-order information was given to Ss, 
1—0, 0—2, 2—2, and 0—3. It was found 
that serial order was a more potent vari- 
able than letter position. 

The present study differed from Domin- 
owski's (1968) in that (a) Ss were not given 
specific letter-sequence information, and 
(b) a factorial design was used combining 
two levels of serial order with three levels 
of letter position. In the Dominowski 
(1968) study, Ss were directed to the rele- 
vant information, while in the present 
study, they had to be able to pick out the 
correct letters without aid from the in 
structions. 
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Тће question to be answered 
is: "When does an anagram look like the 
solution word?” 


ExPERIMENT I 
Method. 


Subjects and design.—The 240 Ss used in this ex- 
periment were volunteer Plattsburgh State Univers- 
ity College freshmen taking a general psychology 
course. There were 12 conditions in the experiment 
corresponding to a 2 Х 3 X 2 factorial design com- 
bining 2 levels of solution-word-bigram frequency 
total (high vs. low), 3 levels of letter position (0, 1 
and 2), and 2 levels of serial order (0 and 2). The 
Ss were run in large groups, and a randomized block 
design was used in assigning Ss to the condition. 

Materials.—Twenty high-frequency (AA) five- 
letter words were selected from the Thorndike and 
Lorge word book. АП had single solutions accord- 
ing to the Olson and Schwartz (1967) list. Теп of 
the solution words had high bigram totals (X — 
5,910.6; range — 4,640 to 7,234) while the other 10 
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words had low bigram totals (X — 2,553.3, range 
— 1,283 to 3,041). ; 
There were 120 anagrams constructed from tha 
words, 10 for each combination of letter pos A 
serial-order, and bigram-total variable. wie 
anagram condition, five arrangements of the Je an 
were used. Thus, within a particular condition, ia 
arrangement occurred twice. The words ron 
paired'with the arrangements on a пш only 
Mean anagram-bigram frequency totals MTS n 
slightly across conditions, from 2,627.7 to 2,9 anti- 
The anagram arrangements were further er. 
fied for purposes of analyses by computing the the 
ber of moves necessary to reach solution am us- 
number of inversions in each anagram. When nce 
ing the number of moves to solution, the dista 
moved is disregarded (Dominowski, 196 
using the number of inversions, the. 2345. 
taken into consideration. Given the series 12 vd 
inversion occurs whenever a larger number ae EL 
a smaller number (Hohn, 1964, p. 43). der 
ample, the series 24153 contains four 3n HER 
namely 2 and 4 occur before 1, and 4 and sio 
before 3. Each 
The anagrams were printed on sheets. 0 ana- 
sheet consisting of a particular condition of 1 
grams. Space was left for writing the solutions. a 
Procedures.—The experiment was run in à étions 
setting. The Ss were read the standard instruc ex- 
for anagram-problem solving and were shown ал was 
ample of an anagram. А time limit of 8 min: e 
allowed for solving the problems. Each 5 was * 
posed to only one condition. 


Results and Discussion 


ted 
Тће results of this study аге presente 


graphically in Fig. 1. A2x3X2 analy- 
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LETTER POSITION 


Fic. 1. Mean correct solutions as a function of let 
ter position (0, 1, and 2), serial order (Оапа 2); an 
solution-word-bigram frequency total (high — I 
andlow — LS). 


SERIATION AND POSITION OF LETTERS IN ANAGRAMS 


2d Eros was carried out on the data 
и : This analysis showed that the 
idm "rie uice frequency total was 
effects e ective variable, producing no main 
will св interactions. Thus, this variable 
sitio oe discussed further. The letter- 
E n variable was effective, F (2, 228) 
E p < .01, with performance im- 
Postes as the number of correct letter 
Eu increased. As serial order in- 
Р (1 hes did the number of solutions, 
оч = 25.66, р < .01. The only 
Order ry was Letter Position X Serial 
that t] in (2, 228) = 5.72, p < .01, such 
oe ieee was a sharper rise as the letter- 
Serial. n variable increased for the higher 
Serial order level than for the lower level of 
out dad A trend analysis was carried 
bir these data and revealed a linear 
-position trend, E (1, 228) = 21.45, 
Eh which confirmed the finding con- 
ime this variable mentioned above. А 
бег тепа for the Letter Position X Serial 
S d У а was found, F (1, 228) 
two io , р <.01. This shows that the 
Holes one for the (0)-serial-order con- 
пе s that for the (2) condition are 

B inear but increase differentially. 
о шее position and serial order af- 
Wer |, е solution of the anagrams; how- 
these ecause it is difficult to manipulate 
па үә cens without also affecting the 
a exe o letter moves necessary to obtain 

Pre ia The data were examined. to 
xm = (a) if the distance moved is im- 
Bet ioe | апа (b) the extent which the num- 

etter moves affected the solutions. 

ты. correlation analysis showed that letter 
ы es were correlated with solutions, 7 (29) 
Ds р < 01; while the correlation be- 
tion n the number of inversions and solu- 
b $ was not significant, 7 (29) = —.31, 

> .05, although in the right direction. 
p зове of this, an analysis of covariance 
es run on these data with the number of 
Env: moves used as the covariate. | To ac- 
E plish this, the number of solutions per 

Ord, per condition was calculated. 

Тће analysis of covariance produced only 
9ne significant finding and that was for the 
letter- position variable, F (2, 117) = WAL, 
р < 01. Thus, it would appear that serial 
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order and the number of letter moves are 
measuring much of the same thing. On the 
other hand, the letter-position variable 
cannot be accounted for on the basis of 
letter moves. 

One further analysis was carried out on 
these data. In Cond. 2—2, it was possible 
for letter position and serial order to apply 
to the same letters, €.£» EBCAD. It was 
also possible to keep these two variables 
distinct, e.g., ACDBE. It is of interest to 
know which type of arrangement facilitated 
solutions most. The proportion correct in 
each category was computed, and an arc- 
sine transformation was carried out on 
these proportions. 

A one-way analysis of variance for re- 
peated measures was run on these data. 
The results of this analysis showed that the 
mean number of solution for the ACDBE 
(X = 4.62 adjusted mean based on five 
anagrams in each category) paradigm was 
greater, F (1, 39) = 17.35, р < 01, than 
that for the EBCAD paradigm (Х = 4.02 
adjusted mean). 

Finally, when the students were ques- 
tioned at the end of the experiment regard- 
ing whether they had been aware of any- 
thing peculiar about the anagram, five Ss 
in Cond. 2—2 and three їп Cond. 1—2 
stated that they had noticed that some of 
the letters were in their correct position ог 
order. It was suspected that Ss might have 
developed a set or strategy in solving the 
anagrams, to wit, “look for combinations 
of letters.” Therefore, Exp. II was run to 
eliminate this possibility. 


EXPERIMENT II 
Method 


_ Subjects and design.—The Ss were 40 Plattsburgh 
State University College freshmen taking a genera 
psychology course, who volunteered for the experi- 
ment. T hese Ss were runina2 X 2 factorial design 
uU varied 2 levels of letter position (0 and 2) with 
2 levels of serial order (0 and 2), which resulted in 
four conditions, 0-0, 2-0, 0-2, and2-2. A repeated- 
measure design was used where all the Ss experi- 
enced all of the conditions. 

Materials and. procedures.— The words used in 
"xp. П were the same as those used in Exp. I. The 
Ss were required to solve 16anagrams, 4 from each of 
the above conditions. Two lists of anagrams were 
prepared and differed in that the same word was not 
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allowed to appear in the same condition on both 
lists. Thus, the word-anagram pairs were different 
on the twolists. Two random orders of each of these 
lists were prepared, resulting in four sheets of 16 
anagrams each. Ten Ss were run on each sheet and 
а randomized-block design was used in assigning .Ss 
to the sheets. Experiment II did not use the same 
word-anagram pairs as used in Exp. 1. А total of 
10 min. was allowed Ss to solve the 16 anagrams; 
otherwise, the procedures were the same as in Exp. I. 


Results and Discussion 


Тће results of the experiment showed the 
means and standard deviations for the con- 
ditions to be as follows: for Cond. 0-0, 
Х = 175, s=119; 2-0, X 2247, 5 
= 1.37; 0-2, X = 245,5 = 1.43; and 2-2, 
X = 2.75, 5 = 1.01. The raw scores were 
transformed to angles, and a two-way an- 
alysis of variance was carried out on these 
data. Letter position was an effective vari- 
able, F (1, 39) — 6.09, p < .05, as well as 
serial order, F (1, 39) — 23.04, p < .01. 
Тће interaction. between these two vari- 
ables was not significant however, F (1, 
39) = .28, р > .05. The major difference 
being due to serial order, X difference 
= .69, while that for letter position was 
X difference = .36. The former being al- 
most twice as large. 

Thus with the exception of the interac- 
tion between the two major variables, Exp. 
II presents findings similar to those of Exp. 
I. It would appear that the interaction in 
Exp. I could be due to a set developed by 
Ss through self-instruction, which facil- 
itated primarily the 1-2 and 2-2 condi- 
tions. 

The Ss of this study were also questioned 
regarding the nature of the anagrams. 
Several Ss reported that some of the ana- 
grams were easy because “they looked like 
the solution word.” 


GENERAL Discussion 


Both letter moves and serial order were ef- 
fective variables in this study. These results 
are in general consistent with the findings of 
Dominowski (1968), who showed that better 
performance resulted as the anagram cues pro- 
vided more information about the solution 
word. Although Dominowski (1968) did not 
find single letter-position cues to be effective, 
there were strong indications in the present 
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study that letter position is an effective vari- 
able but not necessarily one which produces 
large differences. И: 
From these findings, it is clear that viewing 
this problem as an issue in stimulus generale 
tion should prove to be a fruitful approach. 
As the anagram becomes more like the solution 


ua. Е ition, 2 
word in either serial order or letter position, 


solution is more likely. This implies that 53 
react to the correct letters in solving BIG 
problems. Although an analysis of ps 
demonstrated that the effects of serial or x 
were closely related to the number-of lett 
moves variable, there are problems with be 
latter concept which necessitates that it gm 
be viewed as the crucial dimension. It is Ше 5 
possible that these two variables refer to dac 
same thing; however, the notion of serial or ns: 
is more plausible for the following oan 
The Ss do not know which letters are tO 
moved. To the extent that this is true, tien 
the letter-moves variable implies that Ss || 2 
randomly permute the arrangements RN 
solution is found, but this also seems unlike 
Actually, the number of letter moves m 
measures the number of letters which are A 
correctly placed which should be inverse y 
related to the number of letters which are ! 
correct serial order. * 

Тће present notion concerning stimulus gen 
eralization considers the wrong letters а5 E 
irrelevant in producing the solution word. 1 ps 
S arrives at the solution word, because it ! 
suggested by the correct letters. The wrong 
letters only serve to substantiate the solution. 
The Ss should do reasonably well in solving 
anagrams where the irrelevant letters 216 
missing, e.g., СКР___ = group, including 
eliminates GROPE as a solution. 

Support for this notion is gleaned from t 
fact that inversions do not add any informa 
tion which increases the accuracy of prediction 
over letter moves, Thus, if letter moves were 
important, it would seem reasonable that the 
distance moved should also be important. , 
a letter is not in its correct position or eet 
order, it does not matter how far it is which 
underscores the notion that it is irrelevant: 
Another point is that in Cond. 2-2, Ss foun 1 
ACDBE type anagrams easier to solve than 
EBCAD types. There are more correct letter? 
in the former category than in the latter 
Lastly, Kaplan and Carvellas (1968) foun 
that increases in anagram length did not pro^ 
duce increases in solution times in direct rela- 
tion to what would be expected by the in- 
crease in the total number ог permutations. 


he 
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SERIATION AND POSITION OF LETTERS IN ANAGRAMS 


А и име. for this in part on the basis of 
a ү: ү in longer words which were per- 
These rem E and, hence, enhance solutions. 
йол on ~ argue against the letter moves 
Ea amas the one hand, because there should 
e en e number of letter moves as the ana- 
DA A h increases and, on the other hand, 
(mets xtent that Ss do recognize affixes, argues 
imulus generalization. 
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А CULTURE-FREE LEARNING TASK 


В. R. BUGELSKI ! anp SANDRA LATTANZIO 


State University of New York at Buffalo 


College student 55 learned eight nonsense syll 
two-arm positions as another serial list. 
the "motor" learning, but both types of m 
learning effect. The semaphore агт-тоуеп 


ables as a serial list and eight, 
Тће verbal learning was faster than 
aterials showed the typical serial 
nent activity is recommended as a 


culture-free learning task and as a suitable task for nonverbal human Ss. 


The introduction of nonsense syllables by 
Ebbinghaus was originally regarded as an 
answer to a felt need for experience-free 
learning materials. Subsequent experience 
resulted in the discovery of wide-ranging 
association values with large individual 
differences among Ss. Currently the vogue 
is to dispense with nonsense materials 
altogether in favor of ordinary words 
evaluated by frequency counts, m values, 
and most recently by imagery (7) values 
(Paivio, Yuille, & Madigan, 1968). 

Тће acceptance of meaningful material 
for studies of learning and memory is fruit- 
ful, but there may still be interest in and 
use for a nonmeaningful activity where 
learning can be studied especially with Ss 
who are nonverbal for any reason or where 
verbal experience is impoverished or in 
some language unfamiliar to the researcher. 

А possible source of material for use with 
such Ss or where verbalization is not an 
issue is the use of arm movements such as 
are used in a semaphore code. Such a code 
is unfamiliar to most people, while anyone 
capable of moving his arms about can be 
shown an arm position and instructed 
verbally or by suitable pantomime to 
imitate the indicated arm positions, The 
task, while superficially a perceptual-motor 
affair, does not strain either perceptual or 
motor capacities of any unhandicapped 
people. It is not a case of motor learning 
as examplified by pursuit-tracking ог even 
runway or maze activity; rather, it is a 
task clearly comparable with verbal learn- 
ing of lists or paired associates, Ап early 


1 Requests for reprints should be sent to B. R. 
Bugelski, Department of Psychology, State Uni. 
versity of New York at Buffalo, Buffalo, New York 
14226. 


study by Sheffield (1946) involved a paired- 
associate task in which verbal and motor 
movements were associated. Sheffield S 
movements, however, called for a variety 
of activities which appear to lack the 
comparability of the present proposal. 

In a preliminary exploration of this type 
of learning task, Ss were asked to learn 
eight arm positions in serial order. The 
learning of the motor movements was com- 
pared with the learning of eight nonsense 
syllables to observe any differences. The 
experimental program is described below. 


METHOD 


ЗА ^ " Eco " as 
Subjects.— Twenty-five college juniors served 


Ss for this tudy. : al 

Procedure.—AÀs each 5 entered the experimenta 
room he wa: igned to Group A or В. Group ee 
55 learned nonsense syllables first and motor move 1 
ments second—Group B .Ss learned the materials i 
а reversed sequence. Both nonsense materials ащ 
motor tasks were displayed on a screen for Fe 
intervals with 10 sec. between trials. A Kodi 
Carousel projector was used to present material 
Both verbal and pictorial items were randomim 
for each S. The interitem time was automatica 4 
controlled to the time necessary to change slides. 
The motor task was displayed as a series of шапа 
quins holding flags (see Fig. 1). Both kinis 
learning followed anticipation instructions. AS 
criterion of learning was one successful trial. e 
500n as one task was completed, the other wa 
Started with about a 1-min. rest interval. 


RESULTS 


The motor task proved more than three 
times as difficult as the verbal task. The 
data appear in Table 1. The relative 
difficulty cannot be evaluated with these 
data because the possible association values 
of arm positions have not been appraised. 
Тће nonsense syllables used were relatively 
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A CULTURE-FREE LEARNING TASK 


Fic. 1. The mannequin display. 
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FIG. 2. 


оой 38% association value). Some 
ny e Ss admitted in interrogation that 
imn. tried to verbalize the arm positions; 
oe im denied any such mediational at- 
amen Comparison of verbalizers and 
сыы: alizers showed no differences in 
Wis a position effects. | 

bu Qa errors are plotted by serial 
fence ME notor learning and verbal 
soit Е appear to follow the same order 

h the typical difficulty in the middle of 
the task. See Fig. 2. И 


The serial position effect for motor and nonsense syllable materials. 


DISCUSSION 


The fact that the serial order curves are 
virtually the same for the two kinds of learning 


TABLE 1 


MEAN TRIALS TO CRITERION AND MEAN ERROR 
SCORES FOR VE , AND MOTOR 
LEARNING TASKS 


Task | Mean | sp | Range Mean | 5р | Range 
Motor | 21.80 | 7.49 | 10-33 91.76 | 26.30 | 40-146 
Verbal | 620 |3.74| 2-17 | 18.28 14.13] 1-48 
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Suggests a greater scope of application of 
theoretical explanations for serial order phe- 
nomena than heretofore suspected. Without 
concerning ourselves with this problem, we 
merely note that whatever principles are at 
work they are more readily displayed in the 
motor task because of the greater difficulty of 
this task and its high error score. It should be 
noted that one 5 learned the nonsense material 
with only one error which would provide no 
curve at all. The successful learning of the 
motor task by all Ss suggests that it is a 
feasible nonverbal and presumably culture-free 
task that merits exploitation by those who 
need such an exercise. The use of mannequin 
displays as paired associated is, of course, a 
ready possibility. The stimulus side could 


consist of other mannequins, nonsense о; 
or meaningful material, should that be o 
interest. An immediate prospect is BS 
parisons of Ss from different cultures eus é 
appears to be a reasonable sample of associa y 
learning where no Ss would enjoy any spec 
advantage. 
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ACOUSTIC SAVINGS FOR ITEMS FORGOTTEN 
FROM LONG-TERM MEMORY? 


THOMAS O. 


VELSON > 


University of Washington 


A widely held view is that semantic, 
long-term memory (LTM). 


acoustic information might comprise part of th 
Twenty undergraduate Ss originally learned (OL) a 


aired associates and 4 wk. later returned for a retention 


forgotten from LTM. 
list of 24 number-word р: 


test and subsequent relearning (RL). During RL, tl 


with responses that were either homophones of OL 
For items incorrectly recalled on the retention 


e was better for the homophone condition than for the 


unrelated to the OL responses. 
test, RL performanc 


acoustically unrelated condition, suggesting 
f the savings residual for items forgotten 


stored in LTM and comprises part о 
from LTM. . 


vere Savings effect (Ebbinghaus, 1885) 
fma to the established finding that the re- 
th ning of a list of verbal items 18 easier 
ho the original learning of that same list. 
Fe lores study investigated the savings 
tU within the framework of two-state 
У огу (Atkinson & Shiffrin, 1968; Waugh 
Sharman, 1965), where the two states are 
ia rt-term memory (STM) and long-term 
Ba mory (LT M). A paradigm has recently 
"wa devised (Nelson, 1971b) to investigate 
| 1e savings effect for only those items which 
have been forgotten from LTM. In this 
Paradigm, a list of items is originally learned 
Л) followed by a long retention interval, 
Yel owed by a retention test and subsequent 
telearning (RL). During RL, individual 
items cither are changed or remain the 
Same as during OL- savings is defined as the 
difference in RL performance between same 
and changed previously forgotten items. 
Prior research using this paradigm (Nel- 
Son, 1971a) has demonstrated considerable 
savings during RL, both for items that were 
not recalled on the retention test and for 
items that were not recognized on the re- 
tention test as having been previously 
learned. However, it is not sufficient to 
simply demonstrate that the savings resid- 


1 This research was conducted while the first 
oundation Postdoc- 


author was a National Science Е 
toral Fellow at Stanford University, 1970-1971. 
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but not acoustic, information is stored in 
The present study explored the possibility that 


e savings residual for items 


he OL stimuli were paired 
responses or acoustically 


that acoustic information is 


ual can facilitate RL for forgotten items. 
One should also inquire into the nature of 
that savings residual, i.e., what properties 
docs the savings residual have? 

Structural models (e.g. Bower, 1967) 
have conceived of the memory trace asa 
cluster of features (e.g., semantic features, 
acoustic features), and the popular view 
(Adams, 1967; Baddeley, 1966; Dale & 
Baddeley, 1969; Norman, 1969) is that 
acoustic features are stored only in STM, 
while LTM stores only semantic features. 
However, some recent findings (Baddeley, 
1970; Buschke & Lenon, 1969; Laurence, 
1970; Wickens, Ory, & Graf, 1970) suggest 
that this feature-memory-state dichotomy 
may not be accurate: Retrieval from LTM 
may also involve acoustic information. I 
acoustic information is stored in LTM, this 
could have direct import for research on the 
nature of the savings residual. The present 
study explored the possibility that the sav- 
ings residual for items forgotten from LTM 
is comprised of acoustic information. 


METHOD 


Design.—Using a mixed-list design, the indepen- 
dent variable was the relationship between the OL 
response and the RL response. The list for a given 
S consisted of 24 paired associates, in which the 
stimuli were two-digit numbers of 1.36-1.99 associa- 
tion value (Battig & Spera, 1962) and the responses 
were common words with a frequency of 1-100 per 
million in the Thorndike-Lorge norms. The relation- 
ship between the OL response and the RL response 
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was either (a) identity (e.g., 27-таске during OL, 
27-TACKS during RL), (b) homophone (e.g., 27-TAX 
during OL, 27-TACKS during RL), or (c) unrelated 
control (e.g., 27-jURY during OL, 27-таск5 during 
RL). Because recent research (Cermak, Schnorr, 
& Buschke, 1970; Juola, Fischler, Wood, & Atkinson, 
1971) has shown that LTM may retain visual (i.e., 
graphemic) information, the homophone condition 
was divided into visually similar homophones (e.g., 
PREY, PRAY) and visually dissimilar homophones 
(e.g., TAX, TACKS); the scheme used for this division 
took into account the number of common letters in 
the same serial positions, the number of common let- 
ters in different serial positions, and the length of the 
words. The resulting sets of visually similar and 
visually dissimilar homophones are shown in Table 1, 
For any given 5, 6 of the 24 items were in the identity 
condition, 6 were visually similar homophones, 6 
were visually dissimilar homophones, and the re- 
maining 6 were unrelated control items; items were 
counterbalanced across Ss so that each item ap- 
peared in the identity, homophone, and control con- 
ditions approximately equally often. In order to 
eliminate item bias during RL performance, the 
experimental manipulation occurred during OL 
rather than during RL. That is, all Ss had the same 
RL list so that any differences in RL performance 
could be attributed to the residual effects of OL 
rather than to inherent item differences, except for 
the comparison between visually similar and visually 
dissimilar homophones, where, of necessity, differ- 
ent item pools had to be employed. 

Subjects.—The Ss were 20 Stanford undergrad- 
uates whose participation fulfilled a course require- 
ment. 

Procedure.—During OL, S first saw each of the 
24 number-word pairs for 5 sec., then he shadowed 
numbers for 20 sec. to eliminate recall from STM 
(Glanzer & Cunitz, 1966; Postman & Phillips, 1965), 
and finally he had 10 sec. per item to spell aloud the 
correct response when he was presented with the 
stimulus number alone. To minimize overlearning, 


TABLE 1 


ITEMS USED TO EXEMPLIFY VISUALLY SIMILAR AND 
VISUALLY DISSIMILAR HOMOPHONES 


Homophone pair 


Visually similar Visually dissimilar 
PREY PRAY TACKS 
HEAL HEEL TOAD 
ALTER ALTAR VANE 
CREAK CREEK ROUGH 
DUAL DUEL ANT 

INCIT 

WHINE 
AIL ALB 
IDOL IDLE 
WHALE WAIL 
PACT PACKED 


items correct on Trial N were eliminated from the 
study and test portions on Trial N + 1, until even- 
tually every item had been correctly recalled once; 
this dropout procedure (Battig, 1965) was then га 
peated, beginning апелу with the entire list, until a 
24 items were correct on a single test trial. After 
attaining the OL criterion of one completely еггог- 
less test trial on all 24 items, S left the laboratory 
without being told that he would have a future 
retention test. ; 

Four weeks later 5 returned for the second session. 
First, there was a self-paced retention test yhen 
had to spell aloud a response when each stimu i 
number was presented. Then 5 had one study-test 
trial on the RL list using the same timing and pro 
cedure as described above for OL. 


RESULTS AND DiscussioN 


Тће mean percentage of retention-test 
errors was 56.7%. This relatively sma 
amount of forgetting after a 4-wk. ren 
interval is much lower than is usually foun 
in studies of LTM but is typical (cf. Nel- 
son, 1971a) of results obtained with a para- 
digm that (a) eliminates recall from STM 
during OL so that subsequent retention-tes 
errors are due to forgetting from LTN 
rather than to a combination of forgetting 
from LTM and forgetting from STM, (b) 
uses unitary (e.g., word) rather than multi- 
component (e.g., consonant trigram) re- 
sponses, and (c) employs a self-paced re- 
tention test to ensure that 5 has enough 
time to recall difficult long-latency Te- 
sponses. " 

The data pertaining to the question 
about the nature of the savings residua 
come from the RL performance for items 
incorrectly recalled on the retention, test, 
i.e., items forgotten from LTM. This RL 
performance, as a function of the ае 
OL-RL condition, is shown in Fig. 
There is ample evidence for savings, since 
RL performance is clearly better for the 
identity condition than for the control 
condition. However, the most important 
finding is that there is considerable acous- 
tic savings for items forgotten from LTM: 
A binomial test of the difference between 
proportions showed that RL performance 
is markedly better for the homophone con- 
ditions than for the control condition (p< 
-001). Also, the two homophone conditions 
do not themselves differ significantly (p > 
-50), and the nonsignificant difference is not 


ACOUSTIC SAVINGS IN LONG-TERM MEMORY 


E the direction that would be ex- 
en акы were visual savings for items 
оле с s LTM. Finally, the homo- 
mance “ioe itions have poorer RL perfor- 
1) їп е identity condition (p< 
ЖБИ Н ying that the savings residual is 
они of more than only acoustic 1n- 
mantic n (es. perhaps some form of se- 
hdings in ormation). Thus, the present 
savings сорав the hypothesis that the 
TM is residual for items forgotten from 
ee comprised of acoustic in- 
€ ены. | however, no evidence was found 
Savings г (graphemic) information in the 
esidual. 

Bhould ets about the present approach 
the disc ге mentioned. It seems likely that 
hat аг Tori of transfer gradients for items 
are = когере, аз opposed to those that 
the они seni will maximally expedite 
Memor mation of structural models of the 
575 DP (cf. Nelson, 1971b, pp. 574- 
(e. th his is because "what is learned" 
Word = тетогу (тасе) is not the response 
the d se—which is known long before 
rather ore S begins the experiment—but 
when » What Is learned is recall of that word 
Cue LEM with а particular stimulus 
Word pe in learning JACK IS FUNNY the 
earned INNY is not learned; rather, what is 
FUNNY) 15 the association between JACK and 
Bradient 4 herefore, in the case of transfer 
Possible ene remembered items, it is always 
rmatio hat S retrieves nonacoustic | in- 
about = (ек, semantic information) 
Tom hi sociations, applies the word name 
ersatts mental dictionary,” and only 
Code * er uses the word name as an acoustic 
ects о produce the observed transfer ef- 
Such | For example, given a stimulus cue 
tam JOHN LIKES THE 2, suppose that the 
w e OL response was the word meaning 
E e deer"; after recalling DOE, one 
in th make use of the acoustic information 
(e.g € word name during à transfer task 
Would to pouGH). However, this clearly 
Ačo [not mean that the word name s 
р istic information was ever stored as 
art of the association to the stimulus cue. 
Ow consider a very different situation 
ere the transfer effects are due to sub- 
reshold information contained in forgot- 
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PROPORTION CORRECT DURING RELEARNING 
ю i 


: pu 
o 74 T76 


wenn YIA ом s 
HOMOPHONE 
RELATIONSHIP BETWEEN ORIGINAL RESPONSE 
AND  RELEARNED RESPONSE 


Fic. 1. Proportion of correct responses in relearn- 
ing as а function of the relationship between the 
original response and the relearned response for items 
incorrectly recalled on the retention test. (Number 
inside bar is the N upon which the proportion is 
based; brackets show .05 level binomial confidence 


intervals.) 


ten items: If the stored association cannot 
be recalled, then acoustic information af- 
fecting transfer cannot be coming from the 
subsequent application of a word name; 
rather, that acoustic information must have 
at least part of the memory 
original 
in this 


comprised 
trace which was formed during the 
learning of the association. Only 
situation does it become reasonable to pos- 
tulate acoustic information as one of the 
structural properties of the stored memory 
trace—unless the possibility of subsequent 
"coding" (after recall) can be eliminated, 
claims about the structure of the memory 
trace may be specious. 
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THE VON RESTORFF EFFECT IN SHORT-TERM MEMORY! 


BARRY L. LIVELY ? 
Bowdoin College 


Ап experiment is described in which the vi 
in short-term memory using a probe technique. 
dillerent list positions by embedding consonants among 
ants. The predictions tested were those listed by 
altz in 1958; as predicted, it was found that performance on the item 


among cons 
and E 


following the isolated item was superior to performance on 


control item and the isolated item appe 
ated item was not recalled with greater frequency 


ance on items other t! 


trary to predictions, the isol 
than the control item, and perform 


and its immediately following item was п 
The results were interprete 


control lists. 


e d к general case, the von Restorff 
ES н. ers to the enhanced recall of a 
compa get conceptually isolated item 
control 1 with the recall of a nonisolated 
of the үш. Wallace (1965), in a review 
A Бе нд has shown the effect to be 
Severa] cin phenomenon evident | under 
Paired. ask conditions including serial and 
recall associate learning tasks and free 
and immediate memory tasks. 

the espite the long history of interest in 
to 30 nature of the effect, dating back 
CE (1896) investigations, little 
је Matic investigation has been made of 
Men. Restorff effect in short-term 
tes (а (5ТМ). Cimbalo and his associ- 
1970. саа. 1969; Cimbalo & Maloney, 
ating ара Sielski, 1968), manipu- 
ist j 1e position of the isolated item in a 
iter, lave reported enhanced recall of an 
ees by category (consonant vs. 
oe or voice of the individual reading the 
» but depressed recall of other items in 
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College, Brunswick, Maine 04011. 


361 


on Restorff effect was investigated 
Isolation was produced at 
digits and digits 
S. E. Newman 


an appropriate 
Con- 


ared less often as an intrusion. 


han the isolated item 


ot superior to comparable portions of 
d in terms of stimulus recognition. 


the list in an immediate memory task 
involving recall of the whole list. Aside 
from these results, little other work of a 
systematic nature has been reported using 
STM techniques. 

The experiment reported here was de- 
signed to provide data on the isolation 
effect as a function of serial position of the 
isolated item in an STM task. Isolation 
was produced at six locations in the list by 
embedding a consonant among digits and a 
digit among consonants. Memory for 
individual items was tested by the probe 
technique (Waugh & Norman, 1965) which 
tests recall of a single item by presenting 
the immediately preceding item. This 
technique was used to avoid the possible 
contaminating influence of requiring the 
recall of isolated and nonisolated items on 
the same trial. 

Тће effects of isolation were examined 
in the framework of a generalization theory 
of the isolation effect. This theory was 
developed by Gibson (1940, 1942) and has 
evolved to the following set of predictions 
enunciated by Newman and Saltz (1958): 
(a) Performance on the isolated item as а 
response should be better than on a control 
item occupying the same serial position 
since it is less subject to response generali- 
zation from the other items in the list. 
(0) By the principle of stimulus generaliza- 
tion, the isolated item should be more 
differentiated as a stimulus, and perfor- 
mance on the item following the isolated 
item should be enhanced. (с) The presence 
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of an isolated item will produce better 
performance on the remainder of the list 
since overall generalization tendencies are 
reduced within the list. (d) The isolated 
item should appear less often as an in- 
trusion than the comparable control item. 

Data relevant to these predictions were 
discussed by Wallace (1965). While all 
these predictions have not received general 
Support in the literature, they provide a 
logical context for examination of possible 
effects. 


METHOD 


Subjects.—The Ss were 40 male volunteers drawn 
from a pool of paid Ss at the University of Michigan. 

Procedure.—The procedure on each trial consisted 
of presenting S with a string of 10 items at a rate 
of 1 item per $ sec. over a tape recorder, followed by 
E speaking 1 of the items (the probe) of the string. 
The S had 6 sec. to respond followed by a 4-зес. rest 
period; a warning signal preceded the next string 
by 2 sec. The Successive stages of a trial were 
marked by clicks on the tape recorder. The task 
for 5 was to respond orally with the item following 
the probe item in the list and to give a confidence 
rating for his response. "There were three available 
confidence ratings: LOW, which indicated a guess or 
very little confidence; MEDIUM, which meant greater 
confidence; and HIGH, which indicated that S was 
quite sure that his response was correct. A card 
containing the Possible responses (consonants and 
digits) and confidence ratings was available to 5 
at all times. The 5 was instructed that if the last 
item was presented by E as the probe, the first item 
of the string was the appropriate response. 

Each 5 was tested in twosessions. In one Session, 
S was given consonants isolated among digits (and 
all-digit control trials) and, in the Other, digits 
isolated among consonants (and all-consonant 
control trials). The order of kinds of Sessions was 
counterbalanced across „Уз, At the beginning of 
each session, S was given 14 practice trials on the 
material to be used followed by three blocks of 
70 trials each. At the end of each block, a 4-5 тїп, 
break was given and 5 was informed of the number 
of correct responses he hag made. 

In order to maintain motivation throughout a 
session and to prevent S from hypothesizing about 
the relative importance of the various items, 18 
was paid for each correct response in addition to the 
base pay of $1.25 per hour. The total time required 
for each .S over the two sessions was approximately 
34 hr. z 

Isolation was produced by inserting at Positions 
1, 3, 5, 7, 9, or 10 either a single consonant among 
a set of nine digits or a single digit among nine 
consonants. Control trials with either homogeneous 
sets of digits or consonants were also Eiven. Тер 
lists of each kind were presented in each block of 
70 trials. The stimuli used were the digits from 0 
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to 9 and the consonants C, р, Е, G, Н, J, KL 
N, R. These were selected for relatively low rat 
of acoustic confusion (Conrad, 1964). z 

Within a trial block, no letter or digit was P 
mitted to occupy the same serial position in suc 
Sive strings, and the probe item was different FOR 
trial to trial. The frequency of usage of the ute 
isolated elements as probes was kept within nil 
Tange of four-eight times within a block, Me. 
frequency of usage of isolated items as probes Wí 
maintained at six, ially 

The ordering of kinds of lists was езеп ын 
random except that the number of intervening E 
between successive exemplars of one kind o! 
Could be no greater than 15 and no fewer па с 
In addition, all varieties were represented in 
first and last 10 trials of the block. -ind of 

For all Ss, each serial position in cach kna h 
list was tested once per block. For different D 
different position was tested in a given list. 
same lists were presented to all Ss. 

x 


RESULTS 


T " ? as 
The dependent variable analyzed i 
proportion or frequency of correct (ant 


I | si- 
incorrect) responses at relevant serial po 


tions under each condition of isolation 
Although confidence data were collecten] 
it is not reported here since no importa! 
trends were observed. di 
The data presented are organized попа 
ing to the predictions made earlier. заран 
Чоп revealed по important differenc 
between Sessions; the analyses reporte 
were performed on the combined dat? 
from both sessions. The data concerning 
the isolated item as a response are show! 
in Fig. 1 where isolated consonants 
are in Panel A and isolated digits 
аге in Panel B.  Nonisolated (сейли 
digits аге designated as NID and no 
isolated (control) consonants as NIC. if 
No overall isolation effect is apparent У 
either Panel A or Panel B. A statist 
derived for the combination of 2 X m av 
tingency tables (Kincaid, 1962) indicate 
no overall difference for either но 
consonants (5 > .75) ог for isolated digit 


* This statistic represents a generalization of the 
method developed for dealing with 2 X 2 on 
tingency tables (Cochran 1954). It is distribute 
approximately as chi-square, The analysis 5 
similar to a fixed effects апа is of variance in that 
Er than random БУ CP 'sidering 3s as individuals 
rather than random representatives of the genera 
population. 
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Fic. 1, Proportions of correct recall of an isolated item as a response to probe cue in the 


im i n E m У = E у ^ 
mediately preceding serial position, displayed for comparison with recall of a nonisolated item 


wi A » E É 5 
5 "n the same context. (Panel A is for an isolated consonant in SP 1, 3, 5, 7, 9 or 10 of a string 
igits and for nonisolated digits in those positions; Panel B is for an isolated digit in a string 


(b 5 
the а Performance was compared for 


5 E conditions at each position, and in 
€ was a significant difference obtained 


о s f А E 
Consonants and for nonisolated consonant in the same position.) 


with higher probability than isolated digits 
(p < .001). Comparisons of 1С with NIC 
and ID with NID reveal a marked differ- 
ence in performance with consonants bene- 
fiting from the digit context (р < .001) 
and digits suffering from the consonant 
context (p < .001), which suggests the 
determining role of the remaining items in 
the recall of the isolated item. 

Figure 2 shows the effect of using the 
isolated item as stimulus. Panel A shows 


4-—-5 ID 
9——9 NIC 


Panel B 


Rene; ae in each comparison). Thus, the 
iso hin HUN theory's prediction that the 
up ed item would benefit in recall is not 
Ported, 
Or i 
While parisons between panels reveal that 
Cant] Control digits are recalled signifi- 
(b ES better than control consonants 
:001), isolated consonants are recalled 
i Ponel A еге a 
so. Ae ^ 
3 
8 eof- 
Ё 
n 20| 
5 
@ 
$ ГЕ] 
5 sok 
Ө 
$a 
Жыш 
| 30|- 
ser 
| [c А П n | 
l ie 4 6 10 
SERIAL POSITION 
Fic. 2. Proportio 


the isolated item is the 


in the same context is used as the probe cue. 


= Lo Lol 
2 4 6 8 о 


SERIAL POSITION 


= t recall > item i 5 i - i 
suf pn ae "pd dte m immediately following the isolated item, when 
pr: ‚ displayed for comparison with recall when a nonisolated item 
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the recall of digits with either an isolated 
consonant or nonisolated digit serving as 
probe, while Panel B shows the recall of a 
consonant with either an isolated digit or 
nonisolated consonant serving as probe. 
Confirming the prediction, the overall effect 
was enhancement of the recall of the item 
following the isolated item, both for isolated 
consonants (р < .005) and isolated digits 
(р < .001). 

These analyses include the data for the 
recall of the item in Serial Position 1, the 
probe for which was the last item of the 
list. Differential performance might not 
be expected on this item since probe and 
response were not contiguous in presen- 
tation. Inspection of Fig. 2 reveals only a 
slight effect at this position. 

То test the generalization theory's pre- 
diction that the presence of an isolated 
item will produce better performance on 
the remainder of the list, overall recall 
scores for each list were tabulated, with 
scores for the isolated item and the follow- 
ing item removed. Contrary to this 
prediction, analysis by the Kincaid (1962) 
statistic revealed no significant difference 
for either digit or consonant lists (p > 10 
in both cases). 

The foregoing analysis was in terms of 
total correct responses in each condition 
exclusive of performance on the isolated 
item (or its control) and the item following 
it. The possibility that a facilitative or 
depressive effect is restricted to the im- 


TABLE 1 

TOTAL INTRUSIONS FROM POSITION (1) oF ISOLATED 
ITEM OR ITS CONTROL Ітем IN THE RECALL or 
ALL OTHER TESTED ITE: 


MS 
Cond. 
Position i 
IC NID ID NIC 
1 6 29 21 34 
3 36 34 38 32 
5 45 2e 46 62 
» 67 83 66 89 
9 74 76 82 105 
10 24 19 30 45 
Total 252 293 283 367 


PEN eviations. IC = isolated consonants, NID = 
Nou sd isis ID = isolated digits, NID = поп, 


noi 
digits. 


BARRY L. LIVELY 


mediate vicinity of the isolated item was | 
checked in separate analyses of variance 
performed on (a) the item immediately 
preceding and (b) the item occurring tw? 
positions before the isolated and appt 
priate control item. The results Were 
uniform in showing no effect of isolation 
on these positions. In all cases, the 
ratios were less than unity. 5 
Frequencies of intrusions for the various 
conditions appear in Table 1. Each entry 
represents the number of times an isolata 
item- (or its control counterpart) from р 
given position арреагей аз an error "n 
another item in the list was tested. T 
Kincaid (1962) statistic was computed 10 
comparisons of the sets IC versus NID ата 
ID versus NIC after adjustment was E 
for opportunity in each condition. ji 
number of opportunities was defined a$ t 4 
number of errors at positions where "d 
isolated item was neither probe nor corre s 
response. As predicted, the isolated Ye 
appeared less often as an intrusion both 1) 
consonants (р < .05) and digits (p < 005^ 


DISCUSSION 


The present experiment was designed E. 
test predictions about the von Restorff a e 
in STM which are derived from а зітре 
generalization theory, As predicted, it P 
found that recall of the item following t 
isolated item was enhanced and the isolate" 
item appeared less often as an intrusion йо 
the control item. Contrary to prediction 
recall of the isolated item was not supe 
to recall of a control item, and recall of itt 
remainder of the list did not benefit by ilts 
presence of the isolated item. These resu b 
аге at variance with those reported by Ci 
and Sielski (1968) and Cimbalo (19 
Beyond noting the difference in technique w 
(probed recall of a single item vs. recall he 
the whole list) an attempt at reconciling t 
differences would not be profitable. is 

The work of Martin (1967a, 1967b) ! 
suggestive in interpreting the lack of a response 
effect and the finding of à stimulus effect. 
these studies, Ss learneq eight pairs of com 
sonant trigram, single-digit combinations (e£ 
XZ]-7) by a study-test method. During tes 
trials, the stimuli used ор study trials were 
intermixed among new stimuli, The S's task 
during test trials was to indicate whether each 


| 
| 
| 
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Ds was presented during study trials 
of “ү” th not (NEW), and then give a response 
respondi rough 8." It was found that correct 
the mrs was dependent on recognition of 
озуп ulus as OLD and responses made 
1 g nonrecognition were at chance level. 
(1968) jo nie of the same data, Martin 
"Ws у that among the NEW stimuli 
a etm : identified as OLD (false positives), 
With an as shared a first letter in common 
chance i n au anung, there was a greater than 
Sociated m БП, to elicit the response as- 
uring is ^ Ц the OLD stimulus. Thus, where 
trigram y trials the first. letter of each 
this ei es as a discriminating feature, 
me feature may result in false 
9llows i of a NEW stimulus as ош. It 
of the Sore correct recognition is a function 
be encod ep to which the stimuli of a list can 
опе anon in a different form, not only from 
hypothesis i, but from possible foils. This 
ion Meee closely related to the generaliza- 
ion == гу if it is assumed that high recogni- 
1 сигасу indicates low generalization, and 
Tecognition accuracy indicates high 
alization. 
to tne, recognition hypothesis may be applied 
Since een of the present experiment. 
Ing item isolated item differs from the remain- 
vanla lr. the list on a conceptual dimension, 
ation aw е expected that the encoded represen- 
quent] would reflect this difference. , Conse- 
eins it à consonant 18 embedded in a set 
Would b дач the consonant is used as probe, it 
tem ii better recognized than a digit control 
Onson; ce the functional representation of the 
ant has at least one feature not shared 
items of the list, while the 
ly encoded. Since 


Sener: 


Rate remaining 
тау not be so unique! 
oe item was always drawn from the 
Ons nted list, identifying the probe as a 
Ser ant (whether it is recognized as the 

, Icular consonant presented or not) may be 

Sufficient cue for retrieval since that repre- 
a a sufficient encoding of the item with 
Sir Pect to its role as stimulus. No such 
| Ре encoding device is likely to be found 


reich separates the control digit from the 
necting items of the list. This does not 
E pu that the perception of the isolated item 
has Necessarily any more “vivid Bp thar d 

any particular attention-getting хапен 
Means only that there is а simpler way of 
Parating an isolated item from other pre- 
*hted items than probably exists for the 
Ontrol item. 


f it is assu! 


it 


ү 


8 


ned that, independent of the 
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form of encoding, the associative strengths 
of the isolated item with the immediately 
preceding and following items are the same as 
for a comparable control item, the major 
findings of the present experiment would follow. 
The significant stimulus effect predicted by 
this interpretation has already been noted. 
The finding of a lack of difference in recall of 
the isolated and control item could be ex- 
plained in the same way. The probes (stimuli) 
(ог these items are of the same conceptual 
class, and it would not be expected that one 
would be more efficiently encoded than the 
other, thus resulting in no difference in perform- 
ance on the isolated and control items. 

The unique encoding of the isolated item 
may also result in greater accuracy in recogni- 
tion of the approximate position of that item 
in the list. Thus, if some other item is being 
probed for, the isolated item, as a possible 
response, could be rejected more readily than 
its control item, resulting in fewer intrusions 
of the isolated item. This was the case in the 
present experiment. 

The recognition hypothesis can also account, 
in part, for the results of studies investigating 
the von Restorff effect in paired-associate 
learning. It has been found that isolation 
of a single stimulus term produced greater 
facilitation than isolation of a single response 
(Erickson, 1965; Kimble & Dufort, 1955), 
while isolation of two stimuli in the same list 
produced slightly, but not significantly, greater 
facilitation than isolation of two responses 
(Nachmias, Gleitman, & McKenna, 1961). 
This seems to imply that, as the number of 
isolated stimuli increases, the benefit accruing 
to enhanced recognition of these stimuli 
decreases, which is in line with the recognition 
hypothesis. The recognition hypothesis does 
not, however, account for the significant effect 
of response isolation. This effect may be due 
to enhanced association formation (Horowitz, 
1962) or increased response availability (Saltz 
& Newman, 1959). 
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THE LATENCY OPERATIN 


G CHARACTERISTIC: II. 


EFFECT = 
FFECTS OF VISUAL STIMULUS INTENSITY ON CHOICE REACTION TIME! 


Тће purpose of this ex 
on the latency operating chara 
between speed and accuracy. 


intercept of a 
accuracy (d') were foun 
creased, the slope of the LOC inc 
greatest differences were between the 
contribute discriminant validity to the 
process. 


9 
s "latency operating characteristic" 
betwe refers to the functional relation 
ke duds and discrimination accuracy. 
Sternen дез of this measure lies in its 
m as a measure of the perceptual 
Change, that remains invariant under 
mine a m decision strategies. that deter- 
will Ке nen the response to a given percept 
t Dis emmed, Our initial report (Lappin 
Converse! 1972) provided evidence for the 
its in Bent validity of the LOC by showing 
and не under changes in stimulus 
eme e probability. The LOC was 
e ai Dy the slope and intercept ofa 
and E^ line relating reaction time (RT) 
Sureg (or one of several alternative mea- 
TI of discrimination accuracy). 
is owe oe of the present experiment 
Loc. р y the discriminant validity of the 
Us int py determining the effects of stimu- 
ensity upon the slope and intercept 
the LOC. If the LOC is in fact a 
Сазцге of the perceptual process, then 
€ parameters of the LOC should vary as 
unction of stimulus intensity. 
e an inverse relation between stimulus in- 
“nsity and RT has been repeatedly demon- 
arated, but the details of the relationship 
© uncertain: Decisional processes appear 
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periment was to study the effect of stir 
cteristic (LOC), which is the trade-off relation 


The stimuli were presented at thre 


that differed by equal intervals on a logarithmic sca 
linear relation between reaction time 
d to vary with stimulus intensity: 
reased and the intercept decrease 
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mulus intensity 


e intensities 
ale. Both the slope and 
(RT) and discrimination 
As intensity in- 
d. The 


lower two intensities. The findings 
LOC as a measure of a perceptual 


to contribute a major influence on the 
relation between intensity and RT. Grice 
(1968), Kohfeld (1969), and Murray (1970) 
have demonstrated that the relationship 
depends upon such nonperceptual variables 
as response incentives, amount of practice, 
and the distribution of intensity values 
over trials. The LOC offers a possible 
means for isolating the logically distinct 
perceptual and decisional processes under- 
lying performance in these RT tasks. 
Another potential advantage of the LOC 
methodology [ог assessing the effects of 
stimulus intensity pertains to the use ofa 
different set of performance measures—the 
slope and intercept of the LOC—in place 
of the conventional statistics for describing 
distributions of correct RT responses. 
Little is known, however, about the de- 
pendence of the slope and intercept of the 
LOC upon such stimulus variables as in- 
tensity. Grice (1968) and McGill (1967) 
have suggested some reasons for hypothe- 
sizing that the rate of gain of sensory infor- 
mation should increase with stimulus in- 
tensity ; and this effect might be measurable 
by the slope of the LOC, which reflects the 
rate of gain in discrimination accuracy 
with increasing RT. Pachella and Fisher 
(1969), however, have obtained data indi- 
cating that stimulus intensity affects only 
the intercept but not the slope of the LOC. 
The intercept of the LOC, which reflects 
the lag in RT before discrimination begins 


to rise above a chance level, would seem 
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to correspond to the effect that is implied 
in the conventional use of the mean RT 
statistic as a measure of the speed of the 
perceptual process. The intercept of the 
LOC might thus also be expected to de- 
crease as the stimulus intensity is increased. 


METHOD 


Stimuli.—Most of the methodological details of 
the present experiment were identical to those de- 
scribed in the initial report. Two easily discrimi- 
nable stimuli (to the right or left of a fixation point) 
were mapped onto two highly compatible responses 
(right hand vs. left hand). The stimuli were 
luminous circles, 1? in diameter and 40' off center 
to the right or left of the fixation point, which was 
centered in a 54° square luminous background. 
Three stimulus intensities were employed: 6.0, .6, 
and .06 ftl. (controlled by neutral density filters). 
Luminances were measured with a Spectra Spot 
photometer. These stimulus luminances were added 
to a continually present background of 2.5 ftl., and 
remained in view until S responded. The lowest in- 
tensity was just barely visible—usually only frag- 
ments of the complete circle were visible but the 
stimulus was never missed entirely. The stimuli 
were presented and controlled by the same tachisto- 
scopic apparatus as described in the previous report. 

Procedure.—A speed-accuracy trade off was ob- 
tained by asking well-practiced Ss to respond at a 
speed that would result in an error rate of about 
25%. The Ss were instructed to avoid guessing 
but to adjust their RTs from trial to trial in order to 
maintain an average speed corresponding to the 
desired error rate. 

All three intensities were presented in each 
session—in blocks of 130 trials, consisting of 30 
practice trials and 100 experimental trials. Each 
S served for six experimental sessions, preceded by 
three practice sessions. Тће order of the three 
stimulus intensities was counterbalanced across Ss 
and sessions. 

Other aspects of the procedure duplic: 
of the previous (Lappin & Disch, 1 

Subjects.—Five Vanderbilt studer 
volunteers. One S was female. 
in the previous experiment, 


ated those 
972) experiment. 
nts served as paid 
None had served 


RESULTS 


Measures of speed and accuracy were 
calculated from the data by the same 
analytic procedure described in the pre- 
vious article (Lappin & Disch, 1972). The 
RTs were first rank ordered and then 
partitioned into a series of sets of 75 851. 
'The median RT was used as the measure 
of speed for each set of responses: g 
(assuming normal discriminal distributions 
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with equal variance) was the measure of 
discrimination accuracy that was calculated 
from the 2 X 2 confusion matrix con 
structed from each successive set of 79 
responses. Eight pairs of speed and ac 
curacy measures were thus obtained from 
the data pooled across sessions for eac 
S and condition. The number of trials 1n 
each point on the LOC was somewhat 
arbitrarily set at 75, as a compromise 
between maximizing the reliability of the 
d' measures and maximizing the number 0 
points from which the LOC parameters 
were computed. Some of the variability 
in the obtained points reflects the unreli- 
ability of the d’ measures with sets of 79 
responses. e. 
The LOC was described by a pair © 
straight lines that were fit to this set O 
points by the procedure described by 
Bogartz (1968). One line described pe 
formance at a chance level of accuracy» 
d' = 0, for RT < k; the other line de 
Scribed the region of the speed-accuracy 
trade off, d’ = m(RT — k), for RT Z ^ 
The slope, m, and the intercept, &, of the 
second line provided the parameters to 
describe the LOC. The ranges of 
values to which each of the line segme 
was fit were selected so as to minimize the 
sum of squared deviations from the ИШЕ 
under the restrictions that (а) the interceP 
Ё did not lie within the range of RT values 
to which the line segment d^ = 0 was being 
fit, and (b) all RTs were within the rang? 
where perfect discrimination did not occu" 
(One exception to this rule was permitte 
for the data of SS. L. in the .6-ftl. intensity 
condition, where just 2% more varianc? 
would have been described by an LOt 
with slope and intercept parameters quite 
different from those obtained for other sets 
of data—m = 5.20 instead of 4.06, an? | 
k = 171 instead of 158. The forme! | 
parameters were obtained by placing 019 
more point on the line at j^ = ( гае! 


than on the trade-off Segment of the LOC: 
The results of this an 


Table 1 and Fig. 1, 
slopes, m, and intercepts, k, for the equa 


tion 4' = m (RT — #)/100 ibi E 
Y describing the 
LOC for each S and Condition, and also 


nts 


alysis are given i” 
Table 1 gives the 
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Fic. 1. LOC functions for each 
triangles from the .6 ftl. condition, an 
the equations were fit to filled data points.) 


the percentage of the variance in d’ values 
that is accounted for by each of these 
] rela- 


LOCs. As is apparent, the functiona 
tion between speed and accuracy is ade- 


5 and condition. 
and squares from the .06 ftl. condition. 


(The circles are from the 6.0 ftl. condition, 
The lines given by 


quately described by an LOC consisting 
of two linear segments expressing d' as a 
function of RT. It is also apparent that 
increases in stimulus intensity tend to 
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TABLE 1 
THE SLOPES, m, AND INTERCEPTS, Ё, FOR THE SEGMENT OF THE LOC DESCRIBED BY THE 
Equation d' = m(RT — £)/100, ғов EACH 5 AND CONDITION; AND THE VARIANCE 
IN d' ACCOUNTED FOR BY Born SEGMENTS or THE LOC 
Slope Intercept Percentage of variance 
5, 
60 6 06 6.0 6 06 6.0 6 06 
A. B. 3.71 2.64 3.09 134 128 168 825 0 | 25 
J. H. 2.81 2.92 1.87 111 138 148 187 .808 pU 
SI ЈЕ. 4.40 4.06 2.36 155 158 170 .959 .872 5597 
IT. 4.54 4.17 3.43 140 145 176 -977 .918 9. 8 
G. W. 3.47 3.37 2.00 149 154 169 .937 .958 925 
X 3.79 3.43 2.55 138 144 166 .897 .897 92 


produce increases in the slope and decreases 
in the intercept of the LOC. The largest 
effects of stimulus intensity are manifest 
in comparisons between the .6- and .06-ftl. 
conditions. 

Statistical analyses of the effects of 
stimulus intensity were performed sepa- 
rately for the slope and intercept param- 
eters. Significant effects were obtained in 
both cases: for the slopes, F (2, 8) = 10.3, 
p < .01; for the intercepts, F (2,8) = 14.5, 
p < .01. Newman-Keuls post hoc com- 
parisons among the means for the three in- 
tensity conditions revealed no significant 
differences in the slopes for either the 
6.0 versus .6 or .6 versus .06 conditions, 
but a significant difference in the intercepts 
of the .6 and .06 conditions, Р < .01. 
Although performance was reliabley better 
in the 6.0 than the .6 condition (see data 
below), there is some uncertainty about 
whether the difference is more accurately 
reflected in the slopes, the intercepts, or in 
both of these parameters, 

То obtain a different view of these data 


TABLE 2 


AVERAGE VALUES OF d' FOR Бүк Successive 
BANDS OF REACTION TIME 


Stimulus intensity (ftL) 


Range of RTs 


6.0 6 $6 
[————— 
141-160 .60 .40 29 
161–180 1.14 1.02 13 
181–200 1.80 04 a7 
201-220 2.76 2.00 190 
221-240 3.53 3.04 1.55 


we also computed the discrimination ас” 
curacy for each of the conditions for RTS 
within given bands of time. Specifically: 
we calculated d' values for each of five 
successive 20-msec. bands of RTs from 14 
to 240 msec., for each S and condition 
The average values for each condition аге 
given in Table 2. Statistical analyses 107 
these data used Friedman's two-way ana 
ysis of variance for ordinal data (se 
Siegel, 1956) applied separately to the 
data for each time band. The resulting 
X? (k = 3, п = 5) statistics were 1.6, 5.2 
10.0 (the maximum value obtainable, P 
.01), 10.0 (р < .01), and 7.6 (p < .05), 1 
spectively, for each of the five successive 
time bands. As is apparent from these 
statistics and also from Table 2, the separa 
tion between conditions increases wit? 
time, corroborating the increase in slope 
of the LOC as a function of intensity: 
Applying the same analyses to the data 
for each S, treating the time bands as in- 
dependent replications, yielded X? (k = 3 
п = 5) values of 6.4 (p < .05), 10.0 (Р £ 
.01), 3.6, 3.6, and 6.4 (p < .05) for Ss A. B» 
J. H., S. L., V. T., and G. W., respectively: 
Comparing the discrimination accuracy [01 
each pair of intensity conditions at all 2 
such data points (5 Ss X 5 Time Bands) 
also reveals consistent differences in pet 
formance among the three intensity condi- 
tions: Discrimination was more accurate 
for the 6.0 than for the .6 condition in 1 
of the 25 cases (p < .05, by the binomia 
distribution), more accurate for the .6 than 
the .06 condition in 23 cases (р < 91), and 
more accurate in the 6.0 than the 06 condi- 
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ion in 23 cases (p < .01). Thus, when 


Speed i 
a] 1 is held constant, the accuracy 
i iscrimination increases with stimulus 
ntensity, 


E deos issues examined in our initial 
the sele cA & Disch, 1972) concerned 
Nould 7 п of a measure of accuracy that 
AME А inearly related to RT. Although 
E und e. found for the d' measure, the 
of this y d not clearly justify the selection 

рше оуег even the algebraically 
Bone measure (d )°, that 15 derived from 
Side tc sampling model for RT. We 

m S this issue again with the present 

бг e with unsatisfying results. 

B by t 5 independent sets of data (five 
gave a T conditions), the (d')? measure 
Berisor setter linear fit in eight of the com- 
Bera 28 with the d measure, and the 
пута арени of variance accounted for 

his m similar for the two measures. 
indes esult „clearly indicates that the d 
а ure which we have chosen to use here 


15 not uni КА Bem 
а unique in its description of these 
Meng A variety of other models and 

sures could also be employed (see 


арріп & Disch, 1972). 


DiscussiON 


hy The results of this experiment support the 
C sea that the slope and intercept of the 
acquisiti ect the temporal characteristics of the 
Premise ү: of perceptual information. On the 
SBeed. of that stimulus intensity affects the 
ец some aspect of a perceptual process 
X we to decision and response processes), 
of the 5 finding that the slope and intercept 
tensit „OC are dependent upon stimulus in- 
Sure y indicates that these parameters mea- 
trib а perceptual process. This result con- 
utes evidence for the discriminant validity 


о 5 
Í the LOC, combining with the evidence for 


e Ji . 
9nvergent validity provided in our first report 
Presumably, the 


p Eur d Disch, 1972). Ре y, tl 
aves of the LOC (the rate of increase m dis- 
Sue о accuracy аз а function of RT) 
tio ects the rate of gain of perceptual informa- 
wh and the intercept of the LOC (the RT at 
ab ich discrimination accuracy begins to rise 

ove chance) apparently reflects a minimum 
ар between the presentation of a stimulus to 

S retina and the detection of the resultant 
Neural signals in some central data-processing 


апа decision-making system. 
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The relation between stimulus intensity and 
the slope of the LOC is consistent in several 
ways with Grice’s (1968) suggestions about 
the temporal characteristics of the perceptual 
processes underlying performance in RT tasks. 
In the first place, the finding that the slope 
increases with stimulus intensity is compatible 
with Grice’s model for the effects of stimulus 
intensity on simple RT. According to Grice’s 
model, an increase in stimulus intensity 
produces an increase in the rate of the elicited 
neural activity, so that the differences in neural 
activity produced by various intensities in- 
crease with time. The present experiment 
provides a more direct confirmation of this 


model by examining the relation between 
speed and accuracy in a choice RT task. The 
LOCs recovered from these data correspond 
rather well with the hypothetical functions 
presented in Grice’s paper. 

An additional correspondence with Grice's 
(1968) model concerns the mathematical de- 
scription of the LOC function relating speed 
and accuracy. Following McGill's (1967) for- 
mulation, Grice suggested that decisions to 
respond in certain RT tasks are based upon 
counts of neural impulses and that the number 


pulses increases as a linear 


of elicited neural imp 
function of time. One implication of this 
theory for the present experiment is that (df 


should be approximately linearly related to 
RT: suppose that (а) the stimulus acts to 
increase the firing rate from a value у to а 
new level ay in neurons associated with that 
particular stimulus presentation, (b) the right 
or left response is selected by comparing counts 
of the total number of impulses associated with 
the two alternative stimulus positions and 
choosing the response associated with the 
larger count, and (c) the count at a point ¢ 
msec. from the initial registration of a stimulus 
is an approximately normally distributed ran- 
dom variable with expected value yt for no 
stimulus presentation and ау given а stimulus 
presentation and with standard deviation ef". 
Following the signal detection theoretic repre- 
sentation, we may relate the frequencies in the 
confusion matrix to areas above and below 
criterion in two probability distributions of 
impulse counts for the two stimulus alterna- 
tives by the standardized difference in their 
average impulse counts: 


аи = (ау — 0/00 
= #(@ — 1) 0/0) [1] 
(dv)? = Пе — 1) (y/o) T 


where ¿= RT — k, in the equation d' = 
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m(RT — £)/100. McGill (1967) has shown 
how such a model can account for a variety 
of results in auditory detection, and the 
present data are not clearly inconsistent with 
that model. However, it must be emphasized 
that these data can also be described by a 
number of other distinctly different models— 
e.g., the additive model that predicts a linear 
relation between RT and d' (see Lappin & 
Disch, 1972). 

The dependence of the slope of the LOC 
upon stimulus intensity appears to be in- 
consistent with the findings of Pachella and 
Fisher (1969), who obtained an effect of 
stimulus intensity upon the intercept but not 
the slope of the LOC. This inconsistency is, 
though, probably due to a difference in the 
discrimination tasks employed in their experi- 
ment and ours. Whereas our Ss were asked 
to discriminate between two distinctly different 
positions, their 5s were required to discriminate 
among 10 alternative stimulus positions under 
conditions that resulted in errors for RTs of 
nearly 1.0 sec. Their task would seem likely 
to have reflected the operation of more cogni- 
tive processes, serving to compare the stimuli 
with a memory of the alternative positions. 
Presumably, our task depended on the opera- 
tion of a more peripheral perceptual processing 
in which stimulus intensity plays a тоге 
prominent role. 

The inverse relation between intensity and 
the intercept of the LOC seems to reflect the 
operation of an initial temporal integration 
process that accumulates stimulus information 
until some threshold has been surpassed. 
Given the very dim and incomplete appearance 
of the stimuli in the low-intensity condition, 
the detection of these stimuli probably re- 
quired such temporal integration. The greatest 
differences in intercepts of the LOCs occurred 
between the medium-(.6 ftl.) and low-(.06 ftl.) 
intensity conditions, but it is questionable 
whether there is any reliable difference between 
the high-(6.0 ftl.) and medium-intensity condi- 
tions. Although the intercepts were lower 
for the high- than for the medium-intensity 
condition in four out of five cases, the differ- 
ences were very small. Interestingly, (ће sub- 
sequent rate of gain of perceptual information 
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—as reflected in the slope of the LOC—seems 
to proceed at a low rate following SUC 
integration. 

À moot question concerns whether the slopes 
and intercepts of the LOCs provide measures 
of two independent processes or whether they 
reflect correlated aspects of the same under- 
lying process. The effects of stimulus 117 
tensity produced correlated changes in бо 
parameters in this experiment, suggesting E 
possibility that these parameters do ПО 
represent independent component processes. 
One wonders, though, whether other stimulus 
variables would also produce correlated change 
in these parameters. A full and adequate 
interpretation of the slope and intercep 
parameters that describe the LOC will require 
more extensive evidence on the dependence 
of these parameters on other stimulus ап 
task variables. 
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Second-orde 
on choice reaction time 
paradigm. Choice RT was s 
and correctly predicted (C 


to the less probable stimulus was faster 
CP but faster to alternations when it 
preceding PO interacted wit 
by preceding 
differentially affected by 
fourth-order analysis of POe 
on choice RT. The implications 0 


discussed. 


cts reviewed by Smith (1968), choice re- 
amined mme (RT) experiments which ex- 
Outcom stimulus probability and prediction 
ound А, a O) effects have consistently 
quent] ПАР 5з геасї faster to the more fre- 
o сы occurring stimulus alternative and 
choice zi predicted (С Р) stimuli. Recent 
effect. I studies which investigated the 
Same of probability and PO within the 
Bu e found that effects of 
ће sts probability were independent of 
Dite po of prediction outcome (Geller & 
Hinricl 70; Geller & Whitman, 1971; 
he ch А & Craft, 1971). That is, when 
ànd IP RT s were dichotomized into CP 
More categories, Ss reacted faster to the 
ein stimulus alternative. The 
& Shi research of Geller, Whitman, Wrenn, 
ndi ipley (1971) not only replicated the 
are ng that stimulus probability and PO 
T independent determinants of choice 
, but also demonstrated that regardless 
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r effects of stimulus probability a 
(RT) were studied in 
horter following 
P) events and was longest 
predicted (IP) repetition of the less probable stimulus. 
more probable alternative was not affected by tl 


h current PO; i.e., 
PO but not by preceding 
both preceding 


ffects indicated 
f the findings for expectancy theory are 


IMULUS PROBABILITY AND 
CHOICE REACTION TIME? 


LER? 


versily 


nd prediction outcome (PO) 
a two-stimulus, two-response 
the more probable stimulus 
following an incorrectly 
Choice RT to the 
he preceding stimulus; RT 
to repetitions when the stimulus was 
was IP. Preceding probability and 
RT to CP events was influenced 
probability ; RT to IP events was 
PO and preceding probability. A 
a reliable third-order effect of PO 


of the PO, Ss respond faster to stimulus 
timulus alternations in 


action task. 
1, 1972) found 
o a given 


repetitions than s 
a discrete choice re 
Whitman and Geller (197 
that the PO on trials prior t 
stimulus presentation reliably influenced 
Ss’ speed to identify that stimulus. The 
consistent finding of these studies was that 
choice RTs to CP stimuli were faster if the 
preceding PO had been correct rather than 
incorrect. In a relatively incompatible 
task, a correct PO preceding a choice 
to an IP event also facilitated the reaction; 
however, in a highly compatible situation 
a preceding correct PO inhibited choice 
RTs to IP events (Whitman & Geller, 
1972). A shortcoming of these studies was 
that the two stimulus alternatives were 
not equiprobable, and an insufficient num- 
ber of trials prevented an examination of 
the influence of stimulus probability upon 
preceding PO effects. An analysis of pre- 
ceding PO effects which does not first 
categorize trials according to stimulus 
probability may confound the effects of 
stimulus probability and preceding PO if 
the frequency of a particular stimulus 
varies between the categories of the anal- 
ysis. In fact, depending on the degree to 
which the frequency differences influenced 
Ss' predictions, from three to five times as 
many of the CP events would be the more 
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probable stimulus when the stimuli vary 
on a 70/30 schedule (cf. Geller et al., 1971). 
Hence, so that the effects of current and 
preceding PO could be studied independ- 
ently of current and preceding stimulus 
probability, Ss in the present study received 
a large number of stimulus presentations. 

А parameter of the preceding PO effect 
which has yet to be explored is the order 
of the sequential effect of PO (i.e., the 
number of POs preceding a given stimulus 
which significantly influences the choice RT 
to that stimulus). Whitman and Geller 
(1971, 1972) studied preceding PO effects 
by analyzing the influence on choice RT of 
runs of correct or incorrect POs preceding 
à correct or an incorrect prediction and 
determined second-order effects of PO. 
However, since those combinations of POs 
preceding a given trial which included both 
correct and incorrect predictions were ex- 
cluded from the analysis, third-order effects 
of PO on choice RT were not determined. 
More specifically, allowing C and I to 
represent correct and incorrect POs in a 
sequence, these studies included categories 
ПС, CCC, ССІ, and III, but not categories 
CIC, ICC, CII, nor ICI. Consequently, 
the present study considered the effects of 
all possible combinations of POs preceding 
choice RTs by using a tree analysis anal- 
ogous to that used by Remington (1969) 
to study stimulus pattern effects on choice 
RT. The most remote of the preceding 
POs which has a reliable influence on the 
current reaction latency will determine the 
order of the sequential effect of РО, Even 
though the number of event categories in- 
creases exponentially as the number of 
events in the sequential analysis is in- 
creased, the large number of choice RTs 
collected in the present study made it 
possible to evaluate fourth-order effects 
of PO. 


METHOD 


Subjects. — Twenty 5s (14 males, 6 females) partic- 
ipated in four individual l-hr. sessions on consecu- 
tive days. All E were enrolled n Psychology 
classes at Virginia Polytechnic Institute and State 
University and ies not previously participateq in 
choice RT study. ^ 
a pee and proceduri ENG stimuli alter- 
natives were the symbols U and f1 (verbally labeled 
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“up” and “down,” respectively). The U occurred 
on 70% of the trials and П occurred on the remaining 
30%. These stimuli were presented by a 2 X У И), 
digital readout (Allied No. MSMSA-60D771 4 
The identification response was made by pulling оп 
of two microswitches mounted in spatially separate 
handles. Ten Ss pulled the right switch to identi Y 
a U and the left to identify П. The remaining 10 ht 
made a left trigger response to a U and a пе 
response to a П vals 

Each S received a total of 1,200 trials, 300 118° 
during cach of the four sessions. The stimuli he 
randomized over blocks of 300 with the limitation 
that runs of the less probable stimulus did "dn 
exceed three and runs of the more probable stimt 
did not exceed seven. The instructions urged “ate 
give thought to their predictions and emphasized eit 
importance of both speed and accuracy !n ke. 
stimulus identifications. The Ss were not infor a 
of the relative frequency of either stimulus but W 
told that the sequence was predetermined у. 
punched paper tape. d the 

Тће sequence of events on each trial include in| 
following: Ss’ verbal prediction, a brief wai 
buzzer, a random time interval ranging betw ati- 
Sand 2 sec., a stimulus presentation, and Ss ider n 
fication response, which turned off the stimulus а! 
stopped a Hunter Klockcounter. The task bero 
paced with an interstimulus interval of 6 to 0 с 
Errors (ће. anticipatory responses Or incorre 
identifications) occurred on less than 5% of 
trials for all Ss and were not considered !n 
analysis, 


RESULTS 


Prediction outcome and stimulus prov 
ability effects.—To study the effects T 
stimulus probability and PO on choice КА 
а 16-category analysis of the latencies а 
Trials 2 through 1,200 was етріоуё 3 
These categories were determined by the 
following four variables of two levels each 
current probability (more or less frequent" 
current PO (CP or IP), preceding pro 
ability (more or less frequent), and prece n 
ing PO (CP or IP). The choice RT mec 
for each category indicated that reactio? 
to CP events were markedly shorter bo 
reactions to IP events (ie., comparis? 
between dotted and solid lines in Fig- је 
Moreover, latencies to the more probab " 
stimulus, M, were consistently shorter tha! 
reactions to the less probable stimulus 4 
(.e., comparison between Panel 1 2? 
Panel 2 in Fig. 1). 


The overall ANOVA, а 2 (Current prob* 
ability) X 2 (Preceding а 
(Current РО) X 2 (Preceding РО) desig™ 
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Fig ч 
stin 1. Choice reaction time as a function of 
nulus probability and prediction outcome. 


im: 
p cated three significant main effects and 
eflec Significant interactions. The main 
„ «cts included that of current probability, 
E 19) — 36.56, indicating that Ss re- 
stim reliably faster to the more probable 
© Ын шз that of current PO, F (1, 19) 
nee demonstrating that Ss reacted 
of tently faster to CP stimuli; and that 
ое PO, F (1,19) = 16.82, all ps < 
к that choice RT was signif- 
e ај influenced by preceding PO. The 
JR preceding probability was not 
Prol de JP (1, 19) = .29. The Current 
1 10 Миу x Current PO interaction, F 
the ) = 5.53, p < .05, was largely due to 
њи вена effect of current PO when the 
x ent stimulus was L. In addition, the 
Bo dig Probability X Current PO inter- 
А п, Е (1,19) = 4.61, р < .05, indicated 
MC effect of current PO when the 
үш stimulus was L. However, the 
jue LO of preceding probability on cur- 
du i effects was minimal when the 
EOS pm stimulus was M (while it was quite 
C ust when the current stimulus was 
px верен the third-order interaction, 
‘urrent Probability X Preceding Prob- 
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ability X Current PO, was significant, F 
(1, 19) = 11.27, p « .005. 

А significant Current PO X Preceding 
PO interaction, F (1, 19) = 16.82, P < .001, 
is accounted for by the greater effect of 
preceding correct POs when the current 
PO was also correct. This influence of 
current PO on preceding PO effects was 
shown to be dependent upon the prob- 
ability of the preceding stimulus by the 
significant third-order interaction, Pre- 
ceding Probability X Preceding PO X Cur- 
rent PO, F (1, 19) — 4.37, p < .05. That 
is, when the current PO was correct, pre- 
ceding correct POs facilitated the current 
choice RT regardless of preceding stimulus 
probability, however, when the current PO 
was incorrect, preceding correct POs facili- 
tated the current reaction when the pre- 
ceding stimulus was M but inhibited the 
current response when the preceding stimu- 
lus was L. 

To study the nature of the interactions 
involving current stimulus probability, a 
separate 2 (Preceding Probability) X 2 
(Current PO) X 2 (Preceding РО) ANOVA 
was calculated for each stimulus. The re- 
sults of the ANOVA for Stimulus M 
indicated significant main effects of current 
PO, F (1, 19) = 40.26, p « .001, and pre- 
ceding PO, Ё (1, 19) = 13.57, р < .005. 
The Preceding PO X Current РО interac- 

> (1, 19) = 11.97, 


tion was significant, 
PO X Сиг- 


p < .005, as was the Preceding 


rent PO X Preceding Probability interac- 
tion, Ё (1, 19) = 7.76, p < .025. Figure 1 
the effect 


illustrates that for Stimulus M, 
of preceding PO was influenced by both 
current PO and preceding probability as 
follows: Given a correct current PO, pre- 
ceding correct POs shortened Ss’ choice 
reaction, but when the current pO was in- 
correct a correct preceding РО shortened 
Ss’ reactions when the preceding stimulus 
was M but lengthened Ss’ latencies when 
the preceding stimulus was Tx: 

The ANOVA for the eight RT categories 
of Panel 2 in Fig. 1 indicated main effects 
similar to those found for Stimulus M: the 
effect of current РО, F (1, 19) = 31:78; 
p < .001, was influenced by preceding 
probability; and the main effect of preced- 
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ing PO, F (1, 19) — 4.89, p < .05, was de- 
pendent on the current PO. That is, the 
Current PO X Preceding Probability inter- 
action was significant, F (1, 19) = 15.69, 
P < .001, as was the Current PO X Pre- 
ceding PO, F (1, 19) = 10.27, р < .005. 
The Current PO X Preceding Probability 
interaction demonstrated that when the 
current stimulus was L the effects of current 
PO were enhanced when the preceding 
stimulus was also L (i.e., a stimulus repeti- 
tion). The Current PO X Preceding PO 
interaction was reliable since the effect of 
preceding PO was more prominent when 
the current PO was correct. Consequently, 
these separate analyses indicated a third- 
order interaction between preceding prob- 
ability, preceding PO, and current PO in 
Panel 1 but not in Panel 2. 

Two separate ANOVAs were performed 
to study the effects of preceding PO, 
current probability, and preceding prob- 
ability for each of the two levels of current 
PO (ће. solid lines vs. dotted lines in 
Fig. 1). Given a currently correct PO, 
Ss' choice reactions were faster when the 
current stimulus was M, and regardless of 
the probabilities of the current or preceding 
stimuli Ss’ latencies were shortened by 
preceding correct POs. The ANOVA for 
the eight categories of correct PO indicated 
significant main effects of current prob- 
ability, F (1, 19) = 10.62, p < .005, and 
of preceding PO, F (1, 19) = 40.27, p< 
.001. There was no reliable effect of pre- 
ceding probability, and none of the inter- 
actions reached significance at the -05 level. 

Similarly, within the current incorrect 
PO categories (dotted lines in Fig. 1), Ss’ 
choice reactions were faster when the cur- 
rent stimulus was M. Of the main effects 
only that of current probability was signi- 
ficant, F (1, 19) = 3647, p < ooi. In 
contrast to the observations for CP events 
Ss’ reactions to an L were markedly slower 
when the preceding stimulus was also L 
but Ss' reactions to an M were somewhat 
faster when the preceding stimulus was Те 
Thus, the Current Probability x Preceding 
Probability interaction was reliable, F 
(1, 19) = 6.72, р < .025. The Preceding 
PO x Preceding Probability Term, F 
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(1, 19) = 5.96, р < .05, was significant 
since, independently of current probability» 
Ss' choice reactions were faster E 
preceded by CP rather than IP M Ыы 
were slower when preceded by CP rathe 
than IP L. m 
Stimulus repetition effects —To study Е. 
effects of stimulus repetitions on спој 
RT, a 2 (Current Probability) X 2 A 
nation vs. Repetition, A/R, of the Sum! 
lus) X 2 (Current PO) x 2 (Preceding кш 
ANOVA was performed. А repetition Wé 
the second of any two consecutive identica 
stimuli; an alternation was the second | 
any two consecutive dissimilar stim” 
There was no main effect of the 
variable (F < 1), but it was involve ing 
three significant interactions, one Бега 
the fourth-order term : Current Probabili f 
X А/К X Current PO X Preceding 1 os 
(1, 19) = 4.58, р < .05. As Fig. 1166 
cates, this result was partly due to E 
marked slower reactions following a reps 
tion of L (see the dotted lines in Pane it 
of Fig. 1). Because each of the significa 
interactions involved the current PO yen 
able, a separate 2 (Current Probability 
X 2 (A/R) X 2 (Preceding PO) ANOVA 
was performed for the CP and IP categorie? 
For CP events, a significant effect of "f 
was not found, nor were there any Sign! г 
cant interactions. On the other hand, 0 
IP events the A/R effect was relia s 
F (1, 19) = 6.88, р < .025, and of t^ 
interactions only Current Probability 
A/R X Preceding PO was significant: is 
(1, 19) = 6.07, р < .025. Like the four? 
order interaction described above, p 
interaction was largely due to the marke 
latency increase following a repetition 0 » 
Order of sequential prediction йай у 
effects—In this analysis, 16 categories WC E 
defined by the POs on four consecutiv s 
trials. That is, Ss were either correct, 0 
incorrect on each of four trials preceding 
a given choice reaction: the current tri" 
and the first, second, and third precedi” 
trials. For example, letting С and I гер" 
resent correct and incorrect POs, respec” 
tively, the fourth-order CCCI category 
ВЫНА, кае Mean of every choice RT 
following an IF Stimulus and preceded by 
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Fig a 
12. Fourth-order tree diagram of correct 


and incorrect prediction outcomes. 


8t leac: 
As Fog three consecutive correct POs. 
own in the tree diagram of Fig. 2, 


thera 
е marked second- and third-order 
Bm" PO when the current PO was 
Tote Choice reactions to second-order 
ist ns were faster when the PO preceding 
Corre Pattern was also correct. | For in- 
E current POs, choice reactions were 
ut tt when the preceding PO was correct, 
any е third-order categories were not in 
T consistent order. 
he overall ANOVA, a 2 (Current PO) 
ia (First Preceding PO) X 2 (Second 
сешп PO) x 2 (Third Preceding PO) 
CEN was calculated with the 16 fourth- 
Pared categories of Fig. 2. The results indi- 
P а significant effects of current PO, 
ро” 19) = 40.87, р < .001, first preceding 
Dr 218 (1, 19) = 12.48, р < .005, апа ѕесопа 
| €ceding PO, F (1, 19) = 16.78, p < -001, 
apt not of the third preceding PO, F (1, 19) 
> 25 > p > 0. Thus, а significant 
hird- but not a fourth-order sequential 
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effect of РО was demonstrated. Because 
of the difference in the magnitude of the 
first preceding PO eflect between the 
current CP and IP categories, the Current 
PO X First Preceding PO interaction was 
significant, F (1, 19 = 9.03, р < .001; 
and, because there was an effect of second 
preceding PO and not of the third pre- 
ceding PO, the interaction between these 
as also reliable, F (1, 19) 
None of the remaining 
all Fs < 1. 


two variables w: 
= 4.87, p < .05. 
interactions were significant, 


DISCUSSION 


The findings that Ss reacted faster to the 
more probable stimulus alternative and to 
correctly predicted alternatives were consistent 
with recent choice RT studies which examined 
independent effects of probability and PO 
(e.g, Geller et al, 1971; Hinrichs & Craft, 
197 However, the reliable Stimulus Prob- 
ability X PO interaction demonstrated herein 
was consistent with the results of Hinrichs 
and Craft but in contrast to those of Geller 
et al. That is, both Hinrichs and Craft and 
the present study found that the magnitude 
of current PO effects on choice 
versely proportional to the prob 
current stimulus, whereas the Geller et al. 
study found no such interaction, Consistent 
with the previous research by Whitman and 
Geller (1971, 1972), the present study found 
reliable second-order effects of PO. Moreover, 
the present research extended the sequential 
analysis of PO and demonstrated significant 
third-order effects. 

The results of the present study indicated 
the necessity to consider both stimulus prob- 
ability and PO in the analysis of stimulus 
repetition effects. Choice reactions to IP 
occurrences of the less probable stimulus were 
slower to a repetition than to an alternation, 
but reactions to CP occurrences of the less 
probable stimulus were faster to a repetition 
than to an alternation. Choice RT to the 
more probable stimulus was not significantly 
influenced by the alternation/repetition vari- 
able. Thus, such a third-order interaction 
indicates the necessity to categorize events 
according to PO and probability before deter- 
mining stimulus repetition effects. Hence, the 
two analyses used by Geller et al. (1971) to 
study stimulus repetition effects were actually 
inadequate to evaluate the relationship be- 
tween choice RT and stimulus run length. 


RT was in- 
ability of the 
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One analysis examined the effects of stimulus 
run length for CP and IP events without con- 
sidering stimulus probability and found that 
the choice RTs were faster to stimulus repeti- 
tions regardless of the current PO. The other 
analysis did not control for PO and found that 
choice RT to the less probable stimulus was 
slower to repetitions than to alternations but 
that reactions to the more probable stimulus 
were faster to repetitions than to alternations. 
However, in the present study, the effects of 
stimulus repetition were shown to interact 
with both PO and stimulus probability. 
Choice RT to repetitions of the less probable 
stimulus was more sensitive to current PO 
than was choice RT to any other second-order 
stimulus pattern. 

Of interest are the implications which the 
effects of preceding PO and preceding prob- 
ability have for expectancy notions which 
assume that choice RT to identify a particular 
stimulus varies inversely with Ss' expectancy 
for the presentation of that stimulus (cf. 
Geller & Pitz, 1970). Because the effects of 
preceding PO and preceding probability were 
not greatly influenced by the current prob- 
ability but were markedly different for CP 
and IP events, theoretical implications for ex- 
pectancy theory will be considered separately 
for correct and incorrect predictions. Con- 
sidering current correct predictions, there was 
no significant effect of preceding probability 
and no reliable interactions. Regardless of the 
probability of the preceding stimulus, a correct 
PO on the preceding trial facilitated choice 
RT relative to a preceding incorrect PO, То 
explain similar findings, Whitman and Geller 
(1971, 1972) suggested that increased con- 
fidence due to a correct PO augments Ss' ex- 
pectancy to perceive the predicted stimulus 
and consequently facilitates reactions to CP 
events and inhibits reactions to IP stimuli. 

Choice RT to IP stimuli was influenced not 
only by the PO on the preceding trial but also 
by the probability of the preceding stimulus 
That is, regardless of the current probability, 
correctly predicting the less probable stimulus 
on the preceding trial inhibited 55 reactions 
relative to those reactions Preceded by in- 
correct predictions of the less probable stimu- 
lus, but correctly predicting the more probable 
stimulus on the preceding trial facilitated Ss’ 
reactions relative to those reactions preceded 
by incorrect predictions of the more probable 
stimulus. Because correctly Predicting the 
less probable stimulus occurred on less than 
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10% of the trials, а reasonable post hoc &* 
planation of the stimulus probability anc. = 
effects found in the present study may re 
based on the assumption that correctly Р 2 
dicting the less probable stimulus сапа йн 
greater increase їп Ss' confidence in the no 
prediction than correctly predicting the e. 
probable stimulus. Thus a preceding ks 
prediction of the less probable stimulus $10 E 
cause a greater inhibition to respond E. 
incorrectly predicted stimulus than тЫ le 
ceding correct prediction of the more pro Ks 
stimulus. Consequently, the findings ions 
current PO had a greater influence on react a 
to the less probable stimulus than on react ге" 
to the more probable stimulus and that p 
ceding probability had an effect on choir 
to nonpredicted events suggest that the e E 
of certain expectancy indicators (i.e es 
PO and preceding probability) are THOSE DA i 
inent when choice RT reflects inhibitor rob- 
other expectancy indicators (i.e., current P 
ability and current PO respectively). 
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THE USE OF CATEGORY INFORMATION IN A 
MEMORY-SEARCH TASK? 


BARRY L. LIVELY ? ахр BARRY J. SANFORD 
Bowdoin College 


А memory-search experiment was performed in which 
set and the relation between positive 
sonants and digits were present in the negative 
digits were present in the positive set. 
set were of the same conceptual category as the p 
The slope of the RT function for the different category 
ater than zero but less than that of the function for 


a different category- 
negative set stimuli was gre 
negative 


among others, was discussed in terms of 
ts (i.e., the conceptual category of the item and its 


he positive set but exhaustive search of the set. 


ing search of the componen 
name) of each member of t 


ON pe memory-search task developed by 
Pan erg (1966, 1967), S is given a set of 
be to hold in memory. | Individual items 
em zan presented and S's task is to indi- 
ES whether the presented item is а 
mber of the memorized or positive set. 
ча] ОЁ геѕропѕе has been found to 
Ser ase linearly with size of the positive 
(Sternberg, 1966, 1967). Equal slopes 
the reaction time (RT) functions for 
| and negative responses suggest ex- 
ше serial scanning of the positive set 
€pendent of the nature of the response. 
m 1 assumed (Sternberg, 1967) that the 
in bE tiveen presentation of the item and 
е of a classification response 15 
бел ur by at least two processing opera- 
the 5: (а) stimulus encoding, during which 
Де „Presented stimulus is transformed into 
B internal representation, and (b) search, 
i which the internal representation result- 
ng from the first operation 15 matched with 
representations of items in the positive set. 
\ third operation might involve the selec- 
tion and initiation of a response. The 
durations of these operations are assumed 
to be reflected in the function relating RT 
to the size of the positiveset. The intercept 
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set stimuli of the same category аз the positive set. 


ze of the positive 


and negative sets were varied. Con- 


and either consonants ог 
e stimuli in the negative 
itive set and others were of 


t 


Thus, 


This result, 
a hypothesis suggesting self-terminat- 


consists of the combined times for the first 
and third operations, while the slope gives 
the average search time for one item. 

The output of the stimulus encoding 
operation is some coded representation of 
the presented stimulus. The nature of that 
representation was investigated by Stern- 
berg (1967). One hypothesis tested sug- 
gests that stimulus encoding produces an 
unprocessed direct copy of the presented 


stimulus. Another hypothesis holds that 
the name of the presented stimulus is 
produced. Blocks of trials were run in 


which the presented stimulus was degraded 
(i.e., covered with a checker-board pattern) 
or normal and size of the positive set was 
manipulated. 

The direct copy hypothesis predicts that 
the time required for stimulus encoding 
would be the same for degraded and normal 
stimuli, but that search would take longer 
for a degraded stimulus since a "noisy" 
internal representation of the presented 
item is compared with the positive set. 
This implies equal intercepts but а greater 
slope for the degraded stimuli. The name 
hypothesis predicts more time for the name 
of the degraded stimulus to be extracted, 
but once available, the internal represen- 
tation would be the same for degraded 
and normal stimuli ; here, search time would 
be the same under the two conditions. 
This suggests a greater intercept for the 
degraded stimuli but equal slopes. 

In the first of two sessions it was found 
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Inspection of the means for s — 1, 2, and 4 
as a function of number of prior blocks of 
trials revealed that s — 4 benefited more 
from practice than did the others. Size of 
the PS was found to be significant, F 
(2,24) = 74.0, р < .001, while nature of 
the PS, ie. whether it contained con- 
sonants or digits, did not produce a reliable 
difference, F < 1. In all further analyses, 
the data for consonants and digits are 
pooled. 

With respect to testing the two hy- 
potheses advanced, the critical tests con- 
cern the effect of the nature of the negative 
set and the interaction of size of the PS 
with nature of the negative set. The 
category hypothesis predicts zero slope for 
Cond. ND and a positive slope for Cond. 
NS, while the direct copy hypothesis 
predicts equal slopes for the two kinds of 
stimuli. The nature of the negative set, 
Р (1, 12) = 47.80, P < .001, and its inter- 
action with size of the PS, F (2,24) = 14.38, 
b «.001, were both significant, arguing 
against the direct copy hypothesis. While 
the category hypothesis predicted this 
interaction, the zero slope predicted for 
Cond. ND was not obtained; a trend 
analysis performed on the ND data revealed 
а significant linear increase in RT as a 
function of size of the PS, F (1,46) = 39.12, 
p < .001. The quadratic trend component 
was not significant, F (1,46) — 1.68, p 
> .10. These findings argue against the 
category hypothesis. 

Separate trend analyses were performed 
on the PS and NS RT functions. In both 
cases, only the linear component was 
significant, for PS, F (1, 46) = 49.55, p 
« .001, for the linear component, and F 
(1,46) = 1.73, p > .10, for the quadratic 
component; for NS, F (1, 46) = 59.05 b 
« .001, for the linear component, and 
Р (1, 46) = 1.21, 2 > .10, for the quadratic 
component. 

Since a significant linear component was 
obtained in all cases, best-fitting straight 
lines were estimated by the Method of 
least squares. The data and straight lines 
are plotted in Fig. 1. Also given are 
equations for the straight lines. j 

]t is seen in Fig. 1 that Straight lines 
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provide good fits to the obtained deed 
result compatible with Sternberg's (19 E 
1967) hypothesis of sequential атои 
Compatible with the notion of саване и 
Search is the similarity of the slopes 19 
the PS and NS conditions. An analysis е 
variance was performed with size of kc. 
PS and condition (PS vs. NS) as factors: 
neither condition (F < 1) nor the inter 
action between size of the PS and condition 
(F < 1) were significant, It also appear? 
that the value of the intercept is 10 

influenced by the relation between the 
Presented stimulus and the PS, The wall 
of the intercepts were computed for eac 

S under each condition (PS, NS, and ND) 
and an analysis of variance performee: 
No difference was found among condition? 
(F < 1). 

Before accepting 
the ND function 
contrary to both h 
possibility must | 
hypotheses are in 


a OF 
the nonzero slope 0 


as а genuine eten 
Ypotheses advanced, us 
E Considered that v 
i act true and that th 
ghjained ND function is a mixture gener- 
p Ee + S206: Ss following the direct 
Copy ypothesis an ' hec 
hypothesis or by ар оше the | 
responding accor 


- 


USE OF CATEGORY INFORMATION IN MEMORY SEARCH 


НЕ ы hypothesis оп some trials and 
trials pss. on the remaining 
would Mixtures formed in either way 
T produce the obtained effect. 
Ss Pe fimt conjecture predicts that those 
will rame the direct copy hypothesis 
as the | ence increasing R Ts for ND stimuli 
nm АШЕР of items in the PS increases. 
Would i; following the category hypothesis 
is ND iow no systematic change in RT 
[е] stimuli as size of the PS varies. 
onger d every S the RT for s = 4 was 
mixti lan that for s — 1, the between-S 
"ure hypothesis can be rejected. 
tractin i 5 conjecture was tested by ex- 
Becr RE а each S's data the fastest 
ond. N Г for each size of the PS under 
the ND D and averaging across Ss. И 
of con function for mean RT is a mixture 
m ера cad fast RTs generated under 
i, gles and slow RTs produced 
Ought other, the fastest obtained RT 
Ollow;, о have occurred when. 5 хаз 
ИБ ES the category hypothesis, since 
of the poleis; at least for the larger sizes 
irect ¢ S, predicts faster RTs than the 
slope E. hypothesis. Furthermore, the 
uet the RT function should be zero. 
a несат analysis of variance indicated 
Size ^ cant linear increase in RT with 
The ¢ the PS, F (1,46) = 8.63, p < .01. 
Cant initis component was not signifi- 
Bis = is (1,46) = 1.94, p.10. The 
ine na with the best-fitting straight 
tum its equation are given in Fig. 1. 
kar cen that the slope constants for ND 
Ча апа fastest RT functions are essen- 
M ad the same. Evidently, performance 
rms of the fastest RT is much like that 
ооа performance for Cond. ND. This 
tial usion is supported by the results of an 
dst Ysis of variance comparing mean and 
Siz, ERG RTs for Cond. ND asa function of 
m of the PS in that size of the E S and 
un versus fastest КТ did not interact 
Je < 1) Тһиѕ the within-S mixture con- 
Cture can also be rejected. 
it Analyses of fastest RT data are seldom 
iy WEE reported and, in view of the sensi- 
tivity of the ND fastest RTs to size of the 
S, the characteristics of this dependent 
Variable were further explored by obtaining 
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for each S the fastest RT at each size of 

the PS for Cond. PS and NS. Separate 

one-factor analyses of variance indicated 

significant linear increases in RT for both 

Cond. PS, F (1,46) = 19.67, and Cond. 

NS, F (1,46) = 31.72, both s < .001, as 

size of the PS increased. In neither case 

was the quadratic component significant, 

for Cond. PS, F (1,46) = 1.46, p > .10; 

for Cond. NS, F (1,46) = 1.09, p > .25. 

The data along with the best-fitting straight 

lines and equations are given in Fig. 1. 

The slopes of the fastest RT functions for 

Cond. PS and NS are seen to be lower than 

their counterparts based on mean perfor- 

mance. Analyses of variance show this to 
be a reliable reduction by demonstrating 
significant interactions between size of the 
PS and mean versus fastest RT for both 

Cond. PS, Р (2,24) = 21.28, р < .001, 
and Cond. NS, F (2, 24) = 4.39, p < .025. 
Further examination of the slopes of the 
fastest RT functions suggests that where 
(ог mean performance the slopes for the 
ND functions were lower than for Cond. PS 
and NS, for the fastest RT the slopes are 
all about the same. Analyses of variance 
comparing fastest RTs for Cond. ND 
separately with Cond. PS and with Cond. 
NS reveal no interaction between size of 
the PS and condition (F <1 in both 
comparisons). Also, no interaction is 
evident in a similar comparison for Cond. 
PS and NS, F (2,21) = 227, Р > .10. 
These analyses also show that even for 
the fastest RT data latencies are lower for 
Cond. ND than for either Cond. PS, 
F (4,12) = 22.35, р « .001, or Cond. NS, 
F (1,12) = 11.49, p « .01. 

Error data were also examined. The 
proportions of error responses are listed in 
Table 2 with the data for consonants and 
digits combined. The data are reported 
separately for false positives (saying yes 
to а negative set stimulus) and false 
negatives (saying no to a PS item). In 
the false positive data, it appears that 
errors increase as а function of size of the 
PS for Cond. NS, while remaining constant 
or even decreasing slightly for Cond. ND. 
Analysis of variance confirmed these obser- 
vations, for Cond. NS, F (2, 44) — 6.81, 
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TABLE 2 


PROBABILITY OF FALSE POSITIVE AND FALSE 
NEGATIVE RESPONSES AS A FUNCTION OF 
SIZE OF THE POSITIVE SET AND 
RELATION BETWEEN POSITIVE 
AND NEGATIVE SETS 


5 
Type of error 1 
1 2 4 
iti -080 
False positive NS .023 .038 
False positive ND .024 :019 ВИ 
False negatives .087 A11 .07 


ives e с a tegory 
= а negative set of the same conceptual ca: 
t D. а negative set of a different conceptual 
е. 


p < .01, and Cond. ND, F < 1. Variation 
in false negatives as а function of size of 
the PS was not significant 21), 


Discussion 
Neither the direct Copy nor category 


hypothesis as stated earlier can acc 
the present data. The direct copy hypothesis 
can be rejected in view of the difference in 
slope between Cond. NS and ND. Тће 
category hypothesis fails in that the ND 
function has a positive slope. 

The results indicate, as Sternberg (1967) had 
noted, that the characteristics of the stimulus 
involved in the Search stage are more abstract 
than physical features. The present results 
argue that S can take advantage of the con- 
ceptual category of the stimulus, although 
perhaps the way in which the category in- 
formation is used is not as simple as specified 
in the original hypothesis. Apparently, a 
more complicated process is involved than 
conditionalizing Search on the basis of the 
category of the presented item. 

How is the difference in slope between the 
NS and ND functions to be explained? It 


ount for 


Tesponse selec- 
Y with the num 
a 


\ ber 
tions of presearch 


2 assumed constant 
and appear as the intercept of the RT fune- 


tions. Since the intercepts of the RT functions 
for Cond. PS, NS, and ND Were found to be 
the same in this experiment, the nonsearch 
stages are ruled out as loci of the effect, 

The positive and equal slopes found for 
mean and fastest RT for Cond. ND suggest 
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er 

exhaustive scanning of the PS but En fai 
rate than the mean search rate for mal 

Ап explanation that predios (Не the 
findings of this experiment might desc E. 
memorial encoding of the PS to =. E. 
each member of the PS represented 1467 is 
name and conceptual category; thus, пет 
coded as (DIGIT 1, DIGIT 4, DIGIT 6, D desc 
Search of the set of "stimulus е to be 
(ie, category plus name) is but везе и 
exhaustive across complexes дне eH in 
nating within each complex with the s 
which information is available anani For 
ponent matches or mismatches variab ptance 
the examination of a single complex, a onent 
or rejection at the level of the name cor es for а 
would constitute sufficient informatio in 
decision, whereas rejection but not eet coms 
is possible at the level of the pus i9 that 
ponent. For convenience, it is on within 
component matching and jose e nop the 
à complex take equal amounts of time Eun 
initiation of positive and m ce search 
responses also assumed equal. Tota ја then 
time for a given presented stimulus Ton times 
consist of the sum of the - c-r as 
for the complexes in the PS. With 159, M 
the PS, consider outcomes of presen ЕЙ 
“8,” and "6": ND, NS, and PS e сасћ 
respectively. The stimulus B differs peek 
member of the PS both in name and са r the 
and as soon as information about one 5 
other is available а given complex ra 
rejected; the mean search time for 8 16 ОП 
consist of relatively fast times for EUIS 
Which the mismatch of the name was к MORE 
first for most or all of the complexes and sila 
times for trials on which it was ava out 
second for most of the complexes. bow fo! 
come for a PS item would differ from hes e 
an NS item only in that a match Mer г 
produced in one complex and a = time 
Sponse would result. The componen " 
would be the same. Thus, on the average: 


Pert (S an 
Stimuli are processed faster than NS 
stimuli. 


„searc! 
In terms of mean RT, this components 
hypothesis predicts equal slopes for Солои 
and PS and а lower but positive slope for РЕТ 
ND. For the fastest RT, equal slopes 
predicted in the limit for all condition NS 
presumably the fastest RTs under Con it the 
and PS are made when information аНЫ the 
name match is available first for most i ves art 4 
complexes in the PS. All these шаша е 
upheld. Опе result not predicted ~ 
hypothesis is that RT for Cond. ND 15 


re 


үе? 
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even for the fastest RT where slopes are 
essentially equal. This may indicate a check 
9n accuracy of responding for the conceptually 
Similar PS and NS stimuli. 
E component-search hypothesis retains 
9 E major features of the position adopted 
E S epe (1969) and extends that position 
ES by articulating a mechanism in the search 
RT ut takes advantage of learned charac- 
vm of the presented stimulus. Some such 
cation seems necessary in view of the 
Present results. 
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ERRATA 


, In the monograph ‘ 
In the October 1971 issue, the alg 
Equation 2 on page 354 should be chan 
log(m;) The clause immediately proceeding t 


The right-hand member of Equation 3 on page 35 


root, 


Also, in Table 10, page 365, the column headings 1, 


“А Multidimensional Scaling Study of Se 
ebraic signs of the two terms forming 
ged, because as printed they defin 
he equation should be 


mantic Distance" by Jack B. Arnold 
the right-hand member of 
e —log(m;) instead of 


corrected accordingly. 


4 should appear under the radical as a square 


2, and 3 should be corrected to read 2, 3, and 4. 


ae а 


Journal of Experimental Psychology 
1972, Vol. 93, No. 2, 386-391 


EFFECTS OF MODALITY PREFERENCES ON PERFORMANCE ON 4 
BISENSORY MISSING-UNITS TASK ! 


GARY M. INGERSOLL 2 


Indiana University 


The present investigation identified aural 
by performance on a bisensory digit-sp; 
magnitude of the difference in recall ој 
modalities. Performance of aural and vi 
à second bisensory task; a modification of am 
which S was required to respond with n 

of stimuli, each set being presented on а se] 
a disordinal aptitude treatment int 
and presentation modalities; i.e., aural atte 
visual stimuli while visual attenders recalled 
In addition, differential recall patterns we 


Research in the area of auditory and 
visual presentation modalities and their 
effects on learning and recall have generally 
been directed at a comparison of the 
efficiency of the two modalities. For 
example, Schulz (1969) has carried out a 
program of research designed to compare 
the relative effectiveness of visual and 
auditory presentation on various verbal 
learning tasks. Schulz, however, was 
forced to conclude that, by itself, presen- 
tation modality was not an overly potent 
variable. If modality effects do exist, he 
concluded, they must occur in the associa- 
tive stage of learning. 

Several investigators have studied the 
effects of presentation modality on short- 
term recall (e.g., Conrad & Hull, 1968; 
Craik, 1969), among which Murdock's 
(Murdock, 1966; Murdock & Walker, 
1969) studies represent the most concerted 
attack on the role of auditory and visual 
presentation modalities in short-term mem- 
ory. In an early investigation (Murdock, 
1966), Murdock used a serial probe para- 
digm and demonstrated Overall superior 


1 This article is based on а dissertatio, 
by the first author in partial fulfillment. of the ге- 
quirements for the PhD degree at Pennsylvania 
State University. This study was Partially sup- 
ported by the Advanced Research Projects Agency 
(ARPA No. 1269), Office of Naval Research, Grant 
N00014-67-A-0385-0006, to the second author, 

? Requests for reprints should be sent to Gary M, 
Ingersoll, Department of Educational Psychology. 
Indiana University, Bloomington, Indiana 47401. 
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an task. 


eraction. betw 
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and visual modality preferences 
Preference was defined by the 
f stimuli presented via cach of the 
sual attenders was then compared on 
issing-unit paradigm was used in 
ng units from two independent sets 
parate channel. The results showed 
сеп modality preferences 
nders recalled more auditory than 
more visual than auditory stimuli. 
re found for each of the groups. 


«all 
е , з тег, rec! 
recall for auditory stimuli. Further, 


as a function of auditory stimuli displays 
markedly greater recency effects, tly 
recall of visual stimuli provided slig 
greater primacy effects. However, p. 
the nature of the serial probe, print no 
effects would be truncated since there d cK 
probe for the first item in a list. Murcon 
and Walker used a free recall task ath 
found essentially the same pattern Wr 
more clearly defined primacy effects „aik 
visual presentation. However, when es 
restricted recall order by instruction list 
start recall with the first items of the 1 
rather than the last, he found uu 
primacy effects for both auditory E 
visual presentations, When recall W 
directed to begin with the last items in acts 
list, the more traditional recency effec 
were found. in 
А task which has not been employed ut 
the study of modality effects on recall, fof 
Which appears to have potential value, 10 
studying bisensory memory, is the missi! n 
unit paradigm. Basically, this dena 
consists of an initial definition of a img 
set of units. All but one of the set is 
repeated in a random order and a 
required to respond with the missing Ш! а 
(Yntema & Trask, 1963). If, over sever: 
trials, words were Systematically missi 
from each of the serial positions, a dist с 
bution of response Probabilities should P 
found as a function Of serial positio 
Such a distribution might offer some clarif” 
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E of the nature of primacy effects for 
F presentation. 

icing ү research has been conducted 

E d sory auditory-visual presen- 

Di either an research comparing the efficacy 

«ccm modality singly. U sing a dichotic 

она task, Broadbent (1954, 1956) 

each ear Ew spans simultaneously to 

recall thc i de found that Ss tended to 

the dieit, c tgit span from one ear and then 

recalling spen from the other ear instead of 

they ed Y he digits in temporal pairs, as 
TI e presented. 

ie bee results were replicated 
а епзогу auditory-visual stimulation 

1961) Los 1956; Broadbent & Gregory, 

Present d hat 15, when digit spans were 

the € bisensorily, Ss tended to recall 

Set pre Hressnted to one sense prior to the 
ed to the other sense. Е urther, 

о eeii (1968) found overall superiority 

is equi rom auditory presentation when 5 

Ere to recall both sets from bi- 

y memory. 

е are reports of only a limited 
To" of studies in which individual 
lors of 9 have been studied under condi- 

.5 ol bisensory stimulation. This state 
ert is not overly surprising since the 
iot bee et of bisensory research has 
tolta. sufficiently large enough to en- 
ence n. the inclusion of individual differ- 
ae vanablas: Broadbent (1956), how- 

Жаз a "served that during recall, "there 
ШП егы сеу for either sense to be 
each дй ы the one delayed. | In general, 
m ^ ject has his own consistent prefer- 

or giving the eye or the ear first. 

x 147-148]." This observation would 
Ss in accord with the limited capacity 

Ocessing model which Broadbent pro- 

D However, the assumption that the 
E response necessarily implies 
Бе Ee was processed first may not 
m vos id. Тће measure of response pattern 
tio; atively unstable under different condi- 
(S 15 and is susceptible to perceptual set 
йү enf, Rollins, & Madsen, 1967). Further, 

is equally plausible that 5 could adopt a 

Strategy of rehearsing the favored channel 
While quickly spewing out the information 
presented on the nonpreferred channel. 


387 


Madsen, Rollins, and Senf (1970) have 
studied the stability of response patterns 
to bisensory presentation across different 
presentation rates. It has been argued 
that as presentation rate decreased (pairs/ 
sec) the ability to recall the information 
by pairs, as opposed to recall by modality, 
increased. Madsen et al. (1970) argued, 
however, that when 58 were used as their 
own control in a within-Ss design, their 
consistency across conditions was much 
more striking than any tendency to change 
with treatment conditions. Nevertheless, 
Madsen et al. did not compare individuals 
who consistently responded by modality 
to those who consistently responded by 
pairs on any ot her task. 

Senf (1969) compared patterns of re- 
sponse by children with learning disorders 
(LDC) with patterns of response by normal 


control children (NCC) and supported the 
as less likely 


notion that the LDC group w 

to construct intersensory associations than 
its NCC counterpart. Senf argued that 
such inability on the part of the LDC 
would restrict their development of reading 
skill. Within this framework, it was noted 
that the LDC group displayed a marked 
tendency to respond with the auditory 
channel first; whereas the NCC were 
fairly evenly distributed in the tendency 
to respond with either modality first. 
According to the limited capacity process- 
ing model, it could then be argued that the 
mitted first represented a pre- 
ferred modality. However, Senf felt that 
response style was a source of confounding 
to the treatments in which he was most 
interested. Thus, he attempted to mini- 
mize the effect of response style by instruct- 
ing Ss to respond in a predetermined order. 
| The discovery of interactions between 
individual differences and treatments in- 
volving the two modalities would greatly 
enhance the study of presentation modali- 
ties, and their effects on learning and 
recall, by suggesting differential strategies 
employed by learners. The identification 
of differential patterns of recall as a conse- 
quence of these interactions for their 
respective modalities would clarify and 
provide further support for Murdock's 


modality e 
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(1966) position. Accordingly, an important 
hypothesis in the present investigation was 
that visual attenders would recall more 
visual stimuli ала exhibit marked primacy 
effects in recall. Conversely, aural at- 
tenders were hypothesized to recall more 


auditory stimuli and exhibit marked recency 
effects in recall. 


METHOD 


A bisensory digit-span task, similar to that 
described by Broadbent (1956; Broadbent & 
Gregory, 1961) and Dornbush (1968) was used to 
determine whether S was an aural attender or a 
visual attender. Two digit spans were presented 
simultaneously ; one digit span was presented 
visually and a second, different digit span was 
presented aurally. Modality preference was defined 
by S's performance during the recall portion of five 
criterion trials. The § who tended to recall the 
visual digit spans more correctly than those pre- 
sented aurally on those five criterion trials was 
classified as а visual attender. Conversely, the 5 
who tended to respond more correctly to presen- 
tation via the auditory channel was classified as an 
aural attender. 

А second task was a bisensory modification of the 
missing-unit paradigm described by Yntema and 
Trask (1963). In this procedure, five words were 
first presented to S, Then four of the five words 
Were repeated in random order. The S's task was to 
respond with the missing word. In the present 
investigation, two independent sets of five words 
were presented simultaneously, one visually and one 
aurally. Therefore, S's task was to respond with 
two missing units, one from the set presented 
visually and one from the set presented aurally. 
Ten trials, in which words were dropped equally 
from each of the five serial Positions, were 
administered. 

An overall comparison of performance on the 
missing-units task as a function of auditory and 
visual presentation was made. However, in the 
principal analysis the performances of high visual 
attenders and high aural attenders were compared, 
The two extremes of modality Preference served asa 
between-Ss dimension. Thus, the design indicated 
a mixed analysis of variance with 2 between-.Ss 
dimensions (high visual attenders ang high aural 
attenders) and 2X2 X5 within-ss dimensions 
where the variables were responses to auditory and 
visual stimulation and 2 groups of 5 trials, 

Subjects.— Undergraduate students 
vania State University who Were enrolled in an 
introductory course in educational Psychology served 
as Ss. Participation was voluntary anq not part 
of any course requirements. However, s. were 
awarded points toward their final grade for partici- 
pating in the experiment. A total of 69 Ss, all 
naive to bisensory reception studies, participated, 

Stimuli, materials, and apparatus.—The integers 


at Pennsyl- 
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s 
1 through 0 (pronounced "zero") were ind 
stimuli for all digit spans. Integers were rand tion 
assigned to four-digit digit spans with the reste a 
that the same figure could not occur twice ane 
a bisensory trial. Thus, no number occurre mber 
within a single digit span nor did a given pou 
ever occur in the digit span presented 
tancously on the other channel. andomly 

Stimuli for the missing-units task were ran 
selected, without replacement, from a pool "Loris 
monosyllabic words found in the Thorndikc e 
list of the 1,000 most common words. Homop! ol o! 
(e.g., son ог sun) were eliminated from the Pa pre- 
words to minimize ambiguity of the вип 
sented aurally, Proper nouns and numbers was 
also eliminated from the pool of words. Сая 
taken to insure that verbal associates did not 
within a set, (eg. 2 

When presenting a visual stimulus array Б “pre: 
digit span) the members of the array can е рет 
sented at once (simultaneously) or the ШЕ se 
of the array can be presented one at a трее 
quentially). On the other hand, stimulus Ba b 
of an auditory array can only occur seque от 
Thus, to maintain parallel modes of presenta а e 
both auditory and visual stimulus arrays 
presented sequentially. 

Visual stimuli were rear projected onto а ' 
lucent screen, and auditory stimuli were рген кет, 
via a tape recorder through an external SPEM 
The two signals were synchronized via à S үеге 
relay. Auditory stimuli on the magnetic tape he 
timed such that the "ready" signal initiate 


c Д ; cach 
presentation of the first slide of an array. AS the 


a trans 
nte 


slide appeared, an auditory signal initiates «gi 
next slide in the seri Presentation oh at 4 
on both modalities wa suprathreshold an rere 
level 


not uncomfortable to S, The digits p 
presented at a rate of one every 2 sec. E icte 
channel. The limitations of the apparatus restri tely 
the exposure of the visual stimuli to арргохіта age 
-8 sec. from onset to offset with a 1.2-sec. GUI 
stimulus interval. The duration of the audi xi- 
stimuli varied with a mean duration of аррго 
mately .65 sec, ‚ and 
Procedure.—The bisensory digit-span task ces" 
bisensory missing-units task were presented ee a 
sively. Each 5 was instructed as to the nature that 
bisensory digit-span task. He was instructed told 
for the first 10 bisensory trials, he would be an 
immediately prior to each trial which digit О 
(modality) he should recall first. The modo р 
to be recalled first was randomly determin” 
Following these 10 trials, S was given 5 additio 
trials without preinstructions. He simply was der 
that he should recall the numbers in whatever ОГ nce 
he felt was most comfortable for him. Performers 
Оп these 5 trials served as the measure of moda a 
Preference, which was defined as the magnitude d 
the difference between the number of auditory а!" 
visual stimuli recalled.? Respoy i. 


al 


зев were scored 


* [t may be that the term mod. 


a ill 
ality preference У 
eventually prove not to be top. 


Пу accurate. How" 
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only f, < 
SEM con retrieval of the units but also for 
inversion of the correct temporal position; i.e., the 
D Ч imits i H 
E or two digits during recall would constitute 
Upon c В 
a 1 completion of the bisensory digit-span ta: 
missin, ES en instructions describing the bisensory 
to ASIN task. He was told that his task was 
Sets of j , the missing word from two independent 
Ts two n о ав presented simultaneously over 
modalities.  Writte T vas us 
oth tasks, ritten recall was used for 


RESULTS 
руа hypothesized that aural and visual 
Would ая defined by the test measure, 
to affect x. with bisensory stimulation 
and audit 1 erentially the recall of visual 
Sized the ory stimuli. It was also hypothe- 
terized id individuals who were charac- 
Preferen dy one or the other modality 
T fe would accentuate differences in 
With p patterns typically associated 
Was ex tory and visual recall: that is, 1t 
торене that the recall patterns of 
c Eum by visual attenders would be 
he EUM by primacy effects, while 
aural wes : patterns of auditory stimuli by 
recency enders would be characterized by 

М M effects. 

the RHEIN preferences were defined by 
ences ae and direction of the differ- 
Scores age a the auditory and е visual 
onu ша test task. The distribution 
ence Ro Ў as thus a distribution. of differ- 
E visual d with negative scores indicating 
ün indita. and positive scores indicating 
internal гу, bias. Ап analysis of the 
Vielded consistency of the difference scores 
Who Bn = .65. The scores of those Ss 
Were 5 at the extremes of the continuum 
Шү, Selected for further analysis. For the 
а! study, an arbitrary cutoff point of 
3 was established. 
а bisensory 
уа demonstrated that m Ven 
Et tory means was found z n Fecal m 
(ii readily than unite piena io fedes 
s ans (Dornbush, 1968). cee gly, an 
erall comparison of the mean number 


studies of short-term 
aterial presented 


Of correct responses for all Ss to the 
Cver, its use conforms to a limited number of 
ailable. Eventually, 


Teferences that are currently av: 
] that a label such as modality 


© may be found 
Attenders, e.g» MAY be more accurate or descriptive. 
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auditory and visual missing units was made. 
Thisanalysis yielded / (68) = 1.50, $ < .10, 
one-tailed test. Examination of the distri- 
bution of responses as а function of presen- 
tation modality and the serial position from 
which the unit was eliminated failed to 
> .05) the greater recency 
all of stimuli presented 
primacy effects sometimes 
found for recall of stimuli presented 
visually when unisensory presentation pro- 
cedures were employed (e.g. Murdock, 
1966). 
In the principal analysis of these data, 
however, performance of high aural at- 
tenders and high visual attenders, as defined 
by performance on the modality preference 
task, was compared. Of the 69 Ss, 24 Ss 
were identified as aural attenders and 16 
Ss were identified as visual attenders. 
Neither the main effects of modality 
preference nor the mean number of items 
recalled as a function of presentation 
modality was significant (р > .05). How- 
ever, the interaction of the effects of 
modality preference and presentation mo- 
dality yielded, 2 (1, 38) = 7.10, р < .05. 
As hypothesized, the comparison of the 
means for visual attenders indicated that 
they recalled more visual (X = 3.06) than 
auditory (X — 1.61) missing words, t (28) 
= 1.83, p < .05, one-tailed test. Con- 


versely, the aural attenders recalled more 
ual (X = 1.79 


auditory (X = 3.08) than vis 
missing words, / (38) = 2.02, p < .05, one- 
tailed test. 

Тће patterns of recall for the two groups 
across trials are displayed in Fig. 1a and 1b, 
which show that auditory recall by the 
aural attenders is markedly superior to 
recall of stimuli presented visually. The 
pattern is such that for aural attenders, 
the greatest difference in recall of auditory 
stimuli is found in the recent portion of the 
curve; however, while visual attenders 
clearly favor items presented visually over 
all trials, the largest differences between 
auditory and visual presentation are to be 
found in the earliest portion of the curve. 
А comparison of recall on. the first serial 
position for visual (X — .44) and aural 
(X = .22) items by visual attenders yielded 


replicate (P 
effects for rec 
aurally or the 
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Incentive conditions were manipula 
dimensional probability learning exp 


the symbol would appear. 


incentive conditions on Ss’ discrimi 


probability distributions were studied. 


no-incentive group and 


When payoffs followed correct рге 
dimension, prediction proportions 
approximated the probabilit 5. 
levels, negative but not positive 


Several investigators have used a prob- 
ability learning. (PL) paradigm to study 
the effects of incentives on human choice 
behavior. The Ss predict each occurrence 
of sequentially presented stimuli, and in- 
centive effects are studied by varying the 
incentive magnitude for correct predictions 
between experimental groups or by expos- 
ing the same S to more than one incentive 
level. A majority of the experiments using 
a between-S design have shown no effects of 
incentive on PL (e.g., Halpern, Schwartz, & 
Chapman, 1968; Myers, Fort, Katz, & 
Suydam, 1963; Schnorr, Lipkin, & Myers, 
1966). However, Siegel (1964), using 
college students or young children as Ss, 
found that the prediction Proportions of 
no-incentive groups “matched” the stimu- 
lus probabilities within 100 trials, while 
the prediction Proportions of groups re- 
ceiving a reward for each Correct prediction 
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Prior to stimulus presentations, 
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By independently varying the relative prob- 
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children who were given candy foll: 
correct predictions significantly Ч fre- 


estimated the probability of the more 
quently occurring stimulus. use 
Two basic methodologies have been 
to study the effects of incentive magn! si 
on PL in a within-S design, i.e., succes the 
and simultaneous paradigms. | In s are 
successive manipulation of incentive У 
given initially one level of incentive у 
Several prediction trials and subseque ost 
shifted to a higher or lower level. „себ 
PL studies that incorporated this ay ved 
sive manipulation of incentive a ert 
negative but not positive contrast (Ha ү iss 
et al., 1968; Swensson, 1965). Tha o? | 
after Ss received a shift from a high Ko 
low level of incentive, their predict 
Proportions for the more frequently Nw. 
ring stimulus were lower than those of ү 
trol Ss who received {һе same low incent! 
magnitude throughout the 
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For this н 1968; Schnorr et al., 1966). 
is or fg manipulation of incentive, 
Stamped vo Incentive magnitudes ,was 
shuffled ~ the back of each card in a 
| Predicting (e.g. 1é or 59), and when 
Natives е which of two stimulus alter- 
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| dicated хе the incentive magnitude in- 
папы, the back. Although termed a 
esign RE paradigm, with such a PL 
n any > one incentive level is operating 
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quently, when a payoff followed correct 
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Posed to two different incentive levels 
3 сасћ prediction trial (reward and no 
p Vard). Since such a design permits the 
Neentive for correct predictions of a given 
dimension to remain constant throughout 
_ ® experimental session, within-S incentive 
“fects were studied independently of shift 
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METHOD 


Subjects. Опе hundred volunteers (65 males, 35 
females) from the introductory psychology course at 
Virginia Polytechnic Institute and State University 


d as 5s 


The readouts were 
and were separated 


by a horizontal axis of 35 cm. During an experi- 
mental session, the room was dimly lit so that 5 only 
saw through the mirror screen when the readout was 
illuminated. 
The relative probability of a Л or U symbol, 
verbally labeled “down” (D) and “up” (U), respec- 
tively, and a “right” (R) or “left” (L) location 
varied on independent 70-30 probability schedules. 
Specifically, a sequence of 200 stimulus presentations 
was randomly determined by filtering a uniform 
random-number generator on an ІВМ 360 computer 
system according to the following relative fre- 
quencies specified by the product of the dimension 
alternatives of cach »-location combination: DR 
(down-right) = 70 X .70 = 49; DL (down-left) 
=.70 X .30 = .21; UR (up-right) = .30 X 70 = 
; and UL (up-left) = .30 X .30 = .09. 
Incentives.—Those Ss who received an incentive 
for correct predictions were told that they were in 
a prediction contest, and that those students who 
earned the highest score in their group would receive 
5 extra points added to his point total for the intro- 
ductory psychology course. During the experi- 
mental session, S's prediction score was cumulatively 
recorded on a contest counter located below the 
stimulus screen and directly in front of S. After a 
final score was posted on a chart and S 
his score with the scores earned 
of prediction outcome that 
increased Ss’ prediction scores was varied between 
experimental groups. Five groups of 13 males and 
7 females each were used, each group receiving one 
of the following five conditions: (a) no contest 
counter (Group No Counter), (b) score on counter 
increased only following correct predictions of both 
the shape and location dimensions (Group Both), 
(c) score on counter increased following eifher а 
correct shape or location prediction (Group Either), 
(d) score on counter increased only following correct 
predictions of the shape dimension (Group Shape), 
(e) score on counter increased only following correct 
location predictions (Group Location). 
Procedure.—The Ss performed individually in 
I-hr. sessions. At the start of each session, the two- 
dimensional prediction task was explained and 10 
practice trials were admin tered during which 
questions concerning the task were answered. he 
Ss were told that the stimulus sequence was pre- 
programmed on paper tape, but were given no infor- 
mation concerning the nature of the sequence. All 
55 were encouraged to make as many correct shape 
and location predictions as poss ble. The Ss in the 
incentive conditions (i.e. Groups Both, Either, 
Shape, and Location) were told that they were 


i |l 


session, 5: 
could then compare 
by other ` The type 
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participating in a prediction contest and were given 
appropriate instructions specifying which type of 
prediction outcome influenced their score on the 
contest counter. 


For each of 200 trials, the order of events was as 
follows: (a) S's two-dimensional stimulus prediction, 
(b) а 1-ѕес. "attention buzzer" indicating а зиђ- 
sequent stimulus presentation, and (с) а 3-sec. 
presentation of the two-dimensional stimulus. For 
the incentive conditions, the score on the contest 
counter was increased by 1 immediately following a 
stimulus presentation if the appropriate prediction 
had been correct. 


RESULTS 


For each successive block of 20 trials, 
the proportion of Ss in each group who pre- 
dicted the most frequent alternative of each 
dimension, D and R, was calculated. The 
overall analysis of variance (ANOVA), а 5 
(Groups) x 2 (Dimensions) X 10 (Trial 
Blocks), indicated significant main effects 
of group, Ё (4, 95) = 5.40, р < .001; di- 
mension, F (1, 95) = 9.96, р < .005; and 
trial block, F (9, 855) = 63.62, p < .001. 
Of the interactions, the Group X Trial 
Block, F (36, 855) — 1.81, p < .005, and 
Dimension X Trial Block, F (9, 8 
3.31, p < .001, were significant, 
mine specific incentive effects, th 
tions proportions for each incenti 
were compared with those of the 
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tive condition using error estimates 3 
vided by the overall ANOVA. ы 1 
Incentive magnitude effects. — Figure 
depicts a comparison of the prediction Раи 
portions for the no-incentive сой 
(Group No Counter) with those of Cd 
Both and Group Either. The predia 
proportions of Groups No Counter 38, 
Both eventually matched the theorem 
probabilities of each dimension alternativi 
Apparently, the incentive of a contest po A 
for correctly predicting the alternative re 
both dimensions did not influence S'S P 
dictions relative to no-incentive 
The ANOVA comparing Groups 
Counter and Both, a 2 (Groups) o 
(Dimensions) X 10 (Trial Blocks) Le 
torial, indicated a reliable main a | 
only trial block, F (9, 855) = 441 ‘ere 
< .001, and none of the interactions У 
significant, all Fs < 1, соп 
The comparison between the gredi 
proportions of Groups No Counter fect 
Either in Fig. 1 indicates that the € 
of an incentive for correct predictions 
either dimension alternative was to аер" Е 
the prediction proportions for D P | 
Specifically, the proportion of D an not 
predictions for Group Either did t 


"match" the theoretical probabilities, 
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"right" predictions of Group N 


af 
EU ino trials reached an asymptote 
dicated y below .70. The ANOVA in- 
А significant main effects for group, 
Blog" 95) = 10.41, p < .005, and trial 
hie wt 30.09, p < .001, but 
actio or dimension, 7 < im ог the inter- 
Na ns, only the Group X Trial Block 
ты ене, F (9, 855) = 3.14, p < .001. 
ри effects of an incentive for correct 
only оле of only the shape dimension or 
in m ле location dimension are illustrated 
No e 2. The comparison between Groups 
the younter and Shape is quite similar to 
comparison in Fig. 1 between Groups 
eff. Counter and Either. That is, „the 
o ect of rewarding only correct predictions 
the shape dimension was to depress the 
Prediction proportions of both D and К 
Bow their theoretical probabilities. j Cor- 
*spondingly, the ANOVA indicated signifi- 
Сапе main effects for group» F (1, 95) = 


3.91, p < .025, and trial block, Ё (9, 855) 
but not for dimension, 


interactions, only the 
ack reached significance, 
9025. 


Proportions of 
Ocation in Fig. 


Centive for correct location predictions not 


o Counter with Gr 


only lowered the prediction proportions of 
D and R, but within Group Location the 
vas markedly 


proportion of D predictions у 
below the proportions for R. The ANOVA 
indicated significant main effects of group, 
F (1, 95) = 13.66, p < .001, dimension, 
F (1, 95) = 7.11, p € .01, and trial block, 
р (9, 855) = 28.02, p < .001. In addition, 
all interactions were significant, all ps 
<.05. The simple effects analysis showed 
that the triple interaction was due to à 
reliable difference between D and R for 
Group Location but not for Group No 
Counter. That is, the ANOVA comparing 
the prediction proportions of D and R for 
Group Location indicated a significant main 
effect of dimension, F (1, 95) = 11.95, 
p < .001, and trial block, F (9, 855) = 7.20, 
p < .001, and a significant Dimension X 
Trial Block interaction, F (9, 855) = 3.89, 
p « .001. 

Incentive contrast effects.— 
trast effects are indicated for Groups 
Location and Shape by comparing the pre- 
diction proportions for the nonrewarded 
dimension (i.e., location for Group Shape 


and shape for Group Location) with the 
prediction proportions of Group No 
Counter. Specifically, in Fig. 2 negative 
contrast is shown for Groups Shape and 


Negative con- 
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Location by the lower proportion of R 
predictions for Group Shape than Гог 
Group No Counter, and the lower propor- 
tion of D predictions for Group Location 
than for Group No Counter. The ANOVA 
comparing the R proportions between 
Groups Shape апа No Counter indicated 
significant main effects of group, F (1, 95) 
= 3.52, p < .05, and trial block, F (9, 855) 
= 15.16, р < .001; and no interaction, 
Р <1. Likewise, significant main effects 
of groups, F (1, 95) = 11.53, p < .001, and 
trial block, F (9, 855) = 11.18, p< .001, 
were obtained from the ANOVA comparing 
the D proportions between Groups Location 
and No Counter. The Group X Trial 
Block interaction was also significant, 
F (9, 855) = 4.79, p < .001. 

Comparing the prediction proportions 
for the rewarded dimensions of Groups 
Location and Shape with the appropriate 
prediction proportions of Group Both 
demonstrates that positive contrast did 
not occur. In fact, the graphical compari- 
son between the R proportions of Group 
Both (Fig. 1) with the R proportions of 
Group Location (Fig. 2) suggests that the 
prediction proportions of R were actually 
lower when correct predictions of location 
were rewarded in the context of nonreward. 
The ANOVA that compared the proportion 
R predictions between Groups Both and 
Location indicated a significant main effect 
of group, F (1, 95) = 4.01, p < .05, and 
trial block, F (9, 855) = 19.24, р < oot, 
and no interaction, F < 1. 

Тће ANOVA between the proportion of 
D predictions of Groups Shape and Both 
also indicated an absence of positive con- 
trast. A main effect of tria] block was ob- 
tained, F (9, 855) = 13.95, p < :001, but 
neither the, main effect of group nor the 
Group X Trial Block interaction were 
significant (ps > .10). 


DISCUSSION 


By manipulating the type of Prediction out- 
come that was followed by a payoff, the 


Present 
research demonstrated the extent to which 
specific incentive conditions affected differ- 


ential processing of shape and location dimen- 
sions. The comparison of probability learning 
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(PL) between Ss receiving an incentiv 


correctly predicting both dimension ae f 
natives апі no-incentive controls supp 
the conclusion of several others, that Песме 
5 incentive manipulations do not infine 3; 
(e.g., Halpern, et al., 1968; Myers et al., 
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Schnorr et al., 1966). 
the between-S comparisons between 


Counter incentive 


the other 


quently replicated the earlier findings 9 
and Panda (1963) and Stevenson and 
(1959). :ons for the 
The depressed prediction proportions ө 
more probable dimension alternative 


n ro E : ight 
Groups Either, Shape, and Location i re- 


tracted 55 from developing an effective 


ability discrimination (cf. Das, 1969, P either 


three 
re 155 


For example, when correct predictions О 
dimension were followed by a rewarc А 
different types of prediction outcomes We 
inforced (i.e, rewards followed correct 
dictions of both dimensions, only shape 
only location). Besides distracting 58 
their discrimination task, such an incer e 
condition, which treated each dim 
separately when determining payoffs, pro?* in- 
influenced Ss to process each dimension", 
dividually rather than jointly, and “thy 
sequently less efficiently. It is notewor he 
that the incentive condition in which ar 
stimulus dimensions were not considered Both) 
When determining payoffs (i.e, Group се. 
did not inhibit Ss' discrimination performan yw. 

Since rewarding correct predictions of Me | 
one dimension should influence Ss to pan 
each dimension individually rather pe 
jointly, the underpredictions of the 70% а uld 
natives by Groups Location and Shape СО we 
be explained with interference notions. af 
ever, additional post hoc speculations ү a 
necessary to account for the observation 0 
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from 
tive 


d uet, | 1 го 
within-S effect of incentive level for Gn she 
Spec! 


Location but not for Group Shape. wert 
" 


cally, Ss in Groups Location and Shape (e 
exposed to two incentive levels on each рї a 
diction trial, but only S's of Group Госано | 
showed differential PL for the rewarded а! 
nonrewarded dimensions, "Po! acount to 
these differences, the notion of a priority 


[НУ for processing. multiple stimulus 
hitman 5 а be considered (cf. Geller & 
Els і Tk Since. Ss must locate a 
пази ара to categorizing its shape, it Is 
сове бо assume that Ss consistently 
quently ens before shape. Conse- 
Predictions p rewarded for correct loca tion 
of the sha 5 95 attention to the probabilities 
ever, Given: alternatives was inhibited. How- 
Dior 1 n that Ss must first attend to location 
сег Paitin tae! shape, reward for only 
ally influ паре predictions. could not differenti- 
Sion Bee the discrimination of the dimen- 
Seller т UM The recent findings of 
Koons th Vhitman are supportive of these 
sistently IRE the location of a stimulus is con- 
Gen tive categorized before shape, and that 
аге dene effects of multiple-choice behavior 
Bo cuo upon whether one dimension 
a selective attention. When stimulus 
and Porcia varied simultaneously on shape 
dm tina dimensions in a choice reaction 
that paradigmi, Geller and Whitman found 
identify; responded. markedly faster when 
ich vd the location rather than the shape 
Over, th iN o-dimensional presentation. More- 
ative e relative frequency ofa location alter- 
time to significantly influenced Ss’ reaction 
but ih identify the shape, of a presentation ; 
influenc probability of a given shape did not 
lon al ce Ss" reaction time to identify a loca- 
WI ternative. 
on 9 58 experienced two incentive levels 
Portion. свз болне trial, their prediction рго- 
le КЕ. Сог the more frequent alternative of 
those аня dimension fell reliably below 
бе, bn in the no-incentive control group 
Grou M contrast). ; Since these 58 of 
Де бө hape and Location did not predict 
dimen re probable alternative of the rewarded 
rewa P more often than, did 55 who were 
diia ed for correctly predicting both dimen- 
е S (Group Both), positive contrast was not 
Мора тате, Such observations of negative 
the not positive contrast are consistent with 
inc findings of a majority of Тез ехрегї- 
sl ents involving successive or simu taneous 
hifts in reward magnitude. Specifically, in- 
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ai^ 
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vestigators who varied incentive levels within 
Ss in one-dimensional PL have typically dem- 
onstrated only negative contrast (e.g., Halpern 
1968; Lipkin, 1968; Schnorr et al., 1966). 
incentive contrast studies with 
consistently found negative con- 
e only rarely demonstrated posi- 
by Black, 1968). 


et al., 
Additionally, 
animals have 
trast, and hav: 
tive contrast (see review 
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BLOCKED PRESENTATION IN MULTITRIAL FREE RECALL' 


RICHARD M. WEIST? 


University of Nebraska 


Two experiments were carried out to 


tion on storage and retrieval. It was argued th. 


simultaneous accessibility of informa 


accessibility of semantic relationships provides 
contributes to the detection of interitem rcl 


representations with regard to these 


presentation of ambiguous words partia 


to be remembered. In Exp. II, it w. 


predictable from detection differences a 


supporting what was called the simul 


of information proces sing which incor 
integration of subjective units, and th 


Several studies of single-trial free recall 
of categorized word lists have found that 
recall was facilitated when the order of 
presentation was organized according to 
category structure (Cofer, Bruce, & 
Reicher, 1966; D'Agostino, 1969; Dallett, 
1964; Puff? 1966). Recall performance 
was generally superior in presentation con- 
ditions having the maximum number of 
category repetitions (C-Reps), i.e., blocked 
presentation, when compared with presen- 


tation conditions having minimum C- 
Reps, i.e, “random” presentation. Ex- 


planations of the blocking 
closely related to basic assumptions con- 
cerning organization in free recall which 
have emphasized: (а) associative changes 
in permanent memory (Cofer et al., 1966; 
Puff, 1966), (b) the development of re- 
trieval strategies based on the general 
structure of the list (Slamecka, 1968), and 
(c) more inclusive views which postulate 
an increase in discriminability of permanent 
memory representation, an integration of 
subjective units, and the development of 


phenomena are 
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ture in this area. 
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ouncil Grant 


Tu to Richard 
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ARNOLD POWELL 


Columbus College 
determine the effect of blocked presenta- 
at blocking results in the 
ng Memory. Simultaneous 
à context for encoding which 
ationships and the storage of 
ationships. In Exp. I, blocking the 
illy determined the meaning of words 
found that recall differences were not 
lone. The results were interpreted as 
aneous encoding hypoth and a view 
porates changes in discriminability, the 
€ development of retrieval plans. 


tion in workir 


rel 


t 


у 
retrieval plans (Bower, Clark, Lesgold, E 
Winzenz, 1969). 69) 

D'Agostino (1969) and Glanzer (19 f 
have proposed that during presentate 
Ss retrieve information from perman i 
memory which is used to relate to-be 
membered, TBR, words. The simultancom 
accessibility of relational information a 
working memory provides a necessary сом 
dition for organizing TBR words in bs. 
of these relationships, that is, Ss establi к 
à working memory context for encoding 
When related words are presented in clo 
Proximity, i.e., not separated by unrelate 
words, information processing is facilitate” 
This view will be called the simultaneou 
encoding hypothesis, 

The present research was directed at twa 
issues: (а) Does blocked presentation pt 
vide a context for encoding? (0) Whi 
view of information processing provides E 
adequate account of how Ss use relation" 
ships that are made simultaneously acces, 
sible when the presentation is blocke¢’ 


EXPERIMENT I 4 


Ambiguous words are characterized PY 
а single phonological representation аа 
multiple meanings. According to the 
simultaneous encoding hypothesis, the wa 
in which an ambiguous word (or any wore 


| 


ЗА shorter version of thi 
emphasized the serial position 
at the Rocky Mountain p. 
Denver, May 1971. 
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А ich 
5 experiment whicl 
findings was presente 

Sychological Association: 


SIMULTANEOUS ENCODING IN FREE RECALL 


ве л 
NE will depend in part on the con- 
(reported pq a Bobrow and Light 
in the inp dy Bower, 1970) used adjectives 
Einen stages of free and cued recall 
B esr sin order to direct the encoding 
TBR AE ара representations of the 
the list of p hat could be used to organize 
In the => : words into eight categories. 
encoding ri group, the adjectives directed 
would 5 S semantic representations that 
| аера с into less optimal retrieval 
Superior p е and cued recall. were 
п Ry n : ле first of these two conditions. 
Maximinn zh it was. hypothesized that 
Would I -Reps with ambiguous words 
recodin’ буде the context for coding and 
accessi] ambiguous words according to 
mine fe relationships, i.e., would deter- 
ne meaning of the words to be 


remembered. 


Method 


Subje 29 

Tee he Ss were 92 male and female intro- 
Мад Psychology students at the University of 
5-04 
order and 


Lincoln. The Ss were tested in groups of 
ere run in a random 
roups as they signed 


К 


perimental groups W 


\ Ss were assigned to gi 
Лу id participate. наке не 
Ee materials.—Two kinds of 30-word cate- 
Primari ists having five categories were obtained 
Norms тшн the Ваши and Montague (1969) 
(Ambj, he stimulus words were either ambiguous 
fi ig) or nonambiguous (Non-A). Four of the 

ere selected 


lve c. 3 
fom + Конев of the ambiguous words wer 
trated ko and the fifth was intuitively gen- 
his expe „пе words selected were categorized in 
Meaning riment with respect to their salient 
Оссигге@ i eg. “grasshopper and rewdriver, 
um in the norms as responses to ect" and 
arpenter's tool," and also as responses to "an 
These words were treated as 
“an alcoholic beverage” in 
s were then 


n coholic beverage.” 
үү нега of the category ‹ 
pec The categorized word list 
of v ged into two presentation forms the number 
Or v repe was either maximized having 25 C-Reps 
SUMMO zed having 0 C-Reps (Puff, 1966). Three 
lomizations of the four lists, Бе» Ambig 25 C- 
Non-A 25 C-Reps, Ambig 0 C-Reps, and 
red for presentation. 
e recall trials. 


Reps, 
Be 0 C-Reps, were prepa 
Sti; ocedure,— Тће Ss received three fre 
"muli were presented at a 2.5-sec. rate оп а 
рове! slide projector equipped with а separate 
g device. The 58 were allowed 90 sec. to recall 

1 in any ord 


on each tria 


Ft many words as they could er they 
wished. The words recalled al were 
Written on the individual pages of test booklets. 

, Design.—C-Reps (0 vs. 25) and ambiguity 
big vs, Моп-А) were between-S 

in each condition. A serial position analysis was 
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done on the number of words recalled on Trials 
1-3, and 30 serial positions were collapsed into six 
blocks of five successive positions each. The results 
aluated ina2 X 2 X 3 X 6 X 23 Ss analysis 
Clustering measures (ARC) were ob- 
tained (Roenker, Thompson, & Brown, 1971) and 
evaluated for the four lists over three trials in a 
2xX2X3X 23 Ss analysis of variance. 


were ev; 
of variance. 


Results 

The organizational performance is shown 
in Fig. 1. When the Ambig's were pre- 
sented with 0 C-Reps, there was no evi- 
dence of organization by E-defined cate- 
gories in Trial 1; i.e. observed clustering 
did not exceed the expected value. The 
level of clustering was generally higher for 
Non-A's and maximizing C-Reps facilitated 
clustering with both Ambig's and Non-A's 
to a similar extent. The analysis of vari- 
ance indicated significant main effects of 
ambiguity, F (1, 88) « 94.00, p — .001; 
C-Reps, F (1, 88) = 185.86, p « .001; and 


100 
90 У 
80 
70 
d 
б 60 
с 
Б 50 
z AMBIG 25 C-REPS 
5 ^ e 
ES AMBIG 0 C-REPS 
30 CH 
NON-A 25 C-REPS 
20 — 
NON-A 0 C-REPS 
—— 
TRIALS 
Fic. 1. Relative clustering (mean ARC) over 


al conditions (Ambig 


trials for the four experiment 
and 


25 C-Reps, Ambig 0 C-Reps, Non-A 25 C-Reps, 
Non-A 0 C-Reps). 


264 
254 Ра 
244 
234 
а 224 
8 
zi 
824 
5 
8 
© 29] 
2 
8 
5 19 
= 
Za 
ш 
= 174 
т AMBIG, 25 C-REPS 
16] AMBIG, О C-REPS 
NON-A; 25 C-REPS 
Lg NON-A, O C-REPS 
44 ^ 
ш 
B+ 
T T T 
1 2 3 
TRIALS 
Fic, 2. Recall as a function of trials for am- 


biguous and unambiguous word lists presented with 
either 25 or 0 C-Reps. 


trials, F (2, 176) = 15.48, р < .001. None 
of the interactions were significant. In- 
creased clustering with blocked presenta- 
tions has generally been obtained. The 
most interesting finding was in the Ambig 
condition, where the blocked presentation 
directed encoding to organization that was 
not apparent in the 0 C-Rep condition. 
Figure 2 shows that blocked presentation 
consistently facilitated recall over three 
trials. The main effect of C- Reps, F (1, 88) 
= 10.53, Р « .01; and trials, Ё (2, 176) 
— 278.82, p « .01, were significant. The 
main effect of ambiguity and the C-Reps 
X Trials interaction were not significant. 
Serial position curves had а greater pri- 
macy than recency effect as has pre- 
viously been found with Organized lists 
(Deese & Kaufman, 1957). Position curves 
tended to flatten more slowly in the Ambig 
0 C-Reps condition. "This result was re- 
flected in the C-Reps X Position X Trials 
interaction, F (10, 880) = 3.57, р < 001; 
and Ambiguity X C-Reps X Position x 
Trials interaction, F (10, 880) = 1.93, p 
< .05. In general, the results of Exp. I 
support the simultaneous encoding hy. 
pothesis and clearly show that blocked 
presentation has an effect on the stor. 


age 
of information in permanent memory, 
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EXPERIMENT П 


Puff’s (1966) explanation of the e 
effect was based on the assumption © E. 
plicit representational and associative be 
sponse priming. Та position m 
called the "strong storage" hypo tions 
because it makes no separate assump re- 
concerning retrieval plans. Previon ы 
search (Weist, 1972) found this рон із 
to be inadequate. Experiment П сор er 
Slamecka's (1968) explanation of S 
tion processing under conditions of DIE 
and "random" presentations with the 


5 Е à jer et 128 
inclusive explanations of Rowerki for- 
(1969). Slamecka proposed that esenta- 
mulate a plan for retrieval during РГ lentlY- 
tion and store TBR words indera view 
Maximizing input C-Reps on th! ting 


list: 
f pos 
In à 
trong 


А > е ] con 
C-Rep presentation conditions shoul¢ e 


verge as Ss detect the category str ей 
of the list; and where there are no пега 
ences іп Ss’ capacity to report the em 
list structure there should be по ! 

differences, ks wert 
t study 
966): 
with 


ff's 
G 


Two methodological preliminari 
dealt with in pilot studies. The firs 1 
was a multitrial replication of Puff ( 
A list having three categories (NC aN 
10 items per category (IPC10) and 
procedures for determining levels 
Reps were used to generate Random, ne 
18, and 27 C-Reps presentation conditia A 
Puff's finding that recall and шй, 2 
increase as a function of C-Reps was 9" 0 
Ported on Trial 1 but that data was _ 
variable to detect these differences one yas 
trials. On the basis of these results, А ym 
decided that only maximum and minim! 
C-Reps conditions would be used in furt” 
investigation and both low-frequency a e 
NCS IPCÓ lists would be added to ЁЁ 
design. М 

In a previous study 
of the Ss were able to 
four categories on NC 


Gg 
(Weist, 1972), 99% 
report four out eh 
4 IPCG lists aft 
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Br ee iiem trials. In the second pilot 
Over E progress of detection was plotted 
о е io Гуо NC5 IPCÓ lists 
on LE) c her high- or low-frequency (НЕ 
Were и н 22 members (see Exp. П) 
Were иза The C-Reps in presentation 
о ini а maximized (25 C-Reps) ог 
grou ed (0 C-Reps). Independent 
pe of Ss which ranged in size from 
E ie: 22 received опе of the following 
(ССА га of input (1) and output (0) 
(е. АЕ рһазев: I; IOIOI; IOIOIOIOI 
Din. a or 51). After the last input 
categorie were asked to name the five 
id es. In all conditions, 100% of the 
eed 4 of 5 categories correctly after 
5 pos. In the HF conditions, Ss in the 
а ene. condition held an early detection 
Versus ES over 0 С -Rep conditions: 83% 
and ШЫ on 1, 100% versus 80% on 3l, 
Weed te 70 versus 95% on 51. A few 51 Ss 
D Lens inclusively to incorporate 
© F. and “four-legged animals. In 
the det groups, there were no differences in 
ection of list structure in the 25 and 
UL, m conditions: 53% versus 59% оп 
94; 76 versus 82%, on 31, and 96% versus 
o on 51. 
a as the strong coding hypothesis sug- 
22815, determining the general list structure 
а factor contributing to the 
Studies ion of recall found in single-trial 
ollowi; when C-Reps are maximized, the 
Nc3 ff are expected : (а) Given an 
Trial i 10 list, there should be a small 
tained | difference which is no longer ob- 
Р у Trial 3, (^) given an NC5 IPC6 
s ist, there should be no difference be- 
Te 0 and 25 C-Rep conditions, (c) given 
ба МС5 IPC6-HF list, there should be an 
arly-trial difference between 0 and 25 C- 
ерѕ and a convergence by Trial 5. These 
Predictions were tested in Exp. I. 


Met, hod 


Subjects.—The Ss were 112 introductory psychol- 


ORy students at the University of Nebraska- 
lation used in Exp. I 


Lincoln and the same popu 5 

апа the pilot studies. The Ss were run in groups 

of 5-11, Experimental groups were tested in a 

Tandom order and Ss were assigned to groups in 

the order in which they volunteered to participate. 
Stimulus material —Four 30-word lists were used. 
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The lists differed in list structure and frequency, 
having cither 3 or 5 categories (NC3 or NCS) and 
having relatively high- or low-frequency (HF or LF) 
responses to category labels. According to the 
Battig and Montague (1969) norms, the average 
cultural frequencies for the high-frequency words 
were 111.8, 93.5, and 160.7 for each of the categories 
in the NC3 and 68.8, 72.1, 63.8, 98.7, and 132.2 
for the МС5 list. The average cultural frequencies 
for the low-frequency wort 3, 9.8, and 8.0 


ds were 10.3 
for the NC3 list and 10.8, 11.0, 4.0, 11.7, 12.8 for the 
NCS list. Five presentati 


ion orders were generated 
for each of the four lists at the maximum (Max) 
and minimum (Min) level of C-Reps The Max 
C-Reps was 27 on the NC3 lists and 25 on the NC5 
lists. The Min C-Reps was 0 for both levels of the 
list structures. 


"These were the same lists used in 
the pilot studi 


Procedure.—The procedure was the same 
1 except that five free recall trials were used. 

Design.—A serial position analysis was done on 
the number of words recalled. The 30 serial posi- 
tions were collapsed into si: blocks of five successive 
ach and the results evaluated in a 2x2 
analysis of variance. C-Reps 
ructure (NC3 vs. NC5), and 
word frequency (HF vs. LF) were between-Ss treat- 
ments, with 14 Ss in each group, and five trials and 
six positions were within-Ss treatments. 


as Exp. 


positions e 
X2X5X6X1455 
(Max vs. Min), li 


Results 

ure 3 shows that there was a con- 
lue to maximizing C- 
four groups, and 


Fig 
sistent facilitation d 
Reps over five trials in all 
there was no indication of converging func- 
tions. The analysis of variance indicated 
that all of the main effects except list struc- 
ture were significant: frequency, F (1, 104) 
= 9.86, p < .01; C-Reps, Ё (1, 104) = 
43.41, < .001; trials, F (4, 416) = 384.00, 
p < .001; and position, F (5, 520) — 6.93, 
p < 001. Each of the four groups were 
analyzed independently so that the results 
could not be attributed to inflated degrees 
of freedom and because differential pre- 
dictions were made. The effect of maximiz- 
ing C-Reps is always significant, HF-NC3; 
F (1, 26) = 433, p < .05; LF-NC3, F 
(1, 26) = 13.43, p < 01; НЕ-МС5, № 
а, 26) = 7.24, p < .025; and LF-NCS5, 
F (1,26) = 23.33, р < .001. The C-Reps 
x Trials interaction was significant only 
in the LF-NC5 group where there was a 
slight divergence, F (4, 104) = 3.02, р < 
.05. On the basis of the strong coding 
hypothesis, Max and Min recall functions 
should converge more rapidly when there 
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28 


HF-NC 5 


1Р-МС 5 


Qe 


MEAN NUMBER OF WORDS RECALLED 


MAX C-REPS 


MIN C-REPS 


TRIALS 


Fic. 3. Recall аз a function of trials for the M 
and Min C-Reps list conditions for the four experi- 
mental groups combining two levels of word fre- 


quency HF and LF with two levels of list structure 
NC3 and NCS. 


ax 


are fewer categories to detect (NC3 vs. 
NC5). The data show no indication of con- 
verging recall trends in any of the condi- 
tions. While there were no differences in 
Ss’ capacity to detect the list structure of 
the LF-NCSIPC6 list in the second pilot 
study, the largest recall differences were 
found in this condition in Exp. П. When 
detection differences were found to con- 
verge over five trials (H F-NCSIPC6), there 
was no corresponding convergence in the 
recall functions. To the extent to which 
the capacity to report the categorical s 
ture of the list reflects the development of 
retrieval plans, these findings show that 
the development of retrieval plans alone 
does not adequately explain the blocking 
effect. r 

The Position X Trials interaction, F 
(20, 2080) = 5.88, p < .001, Was signifi- 
cant indicating that the position curves 
flatten with trials. The position curves 


truc- 
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had a greater primacy than recency effect 
supporting the results in Exp. 1. There 
was no C-Reps X Position interaction, 
which supports Glanzer's (1969) argument 
that blocking affects both LTS and STS. 


Discussion 


In cued encoding and retrieval аш 
(Thomson & Tulving, 1970; Tulving & E 
1968), it was demonstrated that the way in 
Which information is remembered depends i 
part on the encoding context. In free ie 
studies, representations in working memo 
provide the context for encoding. D'Agosts 
(1969) proposed that given a random pres is 
tion, Ss retrieve prior information MES 
needed to determine organization. In а ES 
which directly supports this hypothesis, vae 
dus (1970) found that Ss tended to MC. 
words from the same category together rat n 
than shift categories. Glanzer (1969) om 
that decreasing the distance between a 
words increases Ss' capacity to make апа 
relationships simultaneously accessible in W° 
ing memory. Blocking presentation leads Т 
the most efficient use of encoding context. P 
1966) and retrieval cues are more ейес 
under blocked than random conditions (Lew? 
1971). d 

Тће results of Exp. I and II are support, 
by previous research which has also foun ИГ, 
strong coding hypothesis to be inadequa а 
Informing Ss about the general structure S ot 
categorized list (D'Agostino, 1969) did 7 > 
decrease the effectiveness of the blocked Pf? 
sentation as the strong coding hypothesis NOD 1- 
predict. The use of recognition tasks to elim 
nate the retrieval stage of free recall redu pa 
but did not eliminate the effect of Ыос 
(Bower et ај, 1969; D'Agostino, at 
D'Agostino and Lewis (1971) found Шш 
blocking increases the number of items reca о 
from a category rather than the number te 
Categories recalled. These findings indic? 
that blocking facilitates the discriminability 9 
bermanent memory representations and 
integration of subjective units, 

The serial position data from both ExP- 
and II support some of the results and CO” 
clusions of Deese and Kaufman (1957) co?" 
cerning the effect of list organization up?! 
serial position curves, Deese and Кашта" 
found that there was some E 
serial position curve 


recency effect to a greater 


1 
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S more closely approximated the se- 
Eos. em € of English sentences. 
E nu. s were attributed to the sequential 
P vu se, but the results of the 
пао ven a suggest that they may be due, 
zation Whe y, to the presence of any organi- 
4 C-Re hen blocked presentation has caused 
Was СА P Position. interaction, the effect 
Шер ed to the middle portion of the list 
DM er & Sharp, 1971; and the Ambig 
me Deo: о Ехр. I) These findings also sup- 
Per vs and Kaufman and indicate a faster 
ifi attening in the more organized lists. 
that (еа, the present research indicates 
uring ешш category members at least 
M eni presentation phase of a free recall 
in close n The presentation of related words 
ing TRE рани provides a context for encod- 
Ships Adr d in terms of accessible relation- 
ad B or s Bower et al. (1969) suggest, an 
ing "o account of the information process- 
analysi оссигв in free recall must include an 
dq dn of changes in discriminability of TBR 
of the tion (e.g., Kintsch, 1970), an account 
ulvin estre of subjective units (e.g. 
A FA 964), as well as an understanding of 
1969) elopment of retrieval plans (Slamecka, 
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PROBABILITY DISCRIMINATION INDICATED BY STIMULUS 
PREDICTIONS AND REACTION SPEED: 
EFFECTS OF S-R COMPATIBILITY ! 


E. SCOTT GE 


Independent eftects of stimulus probability 
two-choice reaction speed (CRS) were 


incompatible condition. 
initial 150 trials; then the rel 
symbol occurred on the “right 
consisted of .Ss" 


greater for Group C than Group I. 


of perceptual and response bi 


Investigators have varied the compati- 
bility of the stimulus-response (5-Б) 
relationship in a choice reaction time (RT) 
paradigm by manipulating the set of stimu- 
lus alternatives paired with a particular 
response set or by changing the “natural- 
ness" of the pairings between the stimulus 
and response alternatives (see review by 
Smith, 1968). Such research has demon- 
strated the influence of the compatibility 
variable on the relationship between choice 
RT and several other independent vari- 
ables. For example, the slope of the linear 
relationship between choice ВТ 
of the number of stimulus altern 
an inverse function of the 
compatibility (Smith, 1968 ; Welford, 1960) ; 
the "repetition effect" (ie, faster RTs to 
stimulus repetitions than alternations) was 
greater for more complex S-R arrangements 
(Bertelson, 1963; Schvaneveldt & Chase, 
1969) ; and the effect of changes in stimulus 
probability on choice RT varied inversely 
with the degree of S-R compatibility (Fitts, 
Peterson, & Wolpe, 1963; Sanders, 1970). 

1 This research was partially Supported by the 
Small Grants Program of the College of Arts and 
Sciences, Virginia Polytechnic Institute а 
University. Special 


and log» 
atives was 
degree of S-R 


? Send reprint requests to E. Scott Geller, Depart- 
ment of Psychology, Virginia F olytechnic 1 nstitute 
and State University, Blacksburg, Virginia 24061. 


А symbol occurred at a “left 
ative frequencies we 
" for 70% of 150 presentations. 
verbal prediction, а stimulus presentation. 
response. Group C (compatible) рие 
and a right-hand trigger to identify 
arrangement was used for Group I (incompatible) 
discrimination reflected by Ss’ stimulus predicti 


The marke 
come on CRS did not interact with comp: 
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versity 


and prediction outcome on discrete 
determined for a compatible and an 
" location on 70% of the 
те reversed so that the 
ch trial 
, and Ss’ choice 


d a left-hand trigger to identify “left” 
"right." 


The reverse S-R mapping 
- The degree of probability 
and reaction speeds was 
effects of prediction out- 
atibility. The relative importance 


О! 


as in determining effects of CRS are discussed. 


In addition, two recent choice RT studi 
which required Ss to predict the stimu E 
presentations found the “prediction Оч 
come effect" (i.e., faster RTs to cotes 
anticipations) to be more prominent НЕ 
incompatible than in a compatible ашар 
(Keele, 1969; Whitman & Geller, 197! 
The present choice RT experiment stud ү А 
the influence of S-R compatibility on but 
probability and prediction outcome effec" 
when the relative frequencies of the tW 
stimulus alternatives were reversed midwey 
through the experimental session. vl 
manipulation of compatibility was identics 
to that of several other choice RT expert 
ments (e.g, Wallace, 1971; Whitman 
Geller, 1971) and was accomplished. a 
varying the mapping between left and xs i 
stimulus lights and left-hand and righ 
hand response triggers. a RT 
"Theoretical analyses of the choice 7, 
process assume that at least two сорту 
Processes are involved: stimulus ident 
cation and response selection. Using e 
two-stimulus, three-response design intr 
duced by Laberge and Tweedy (196 А 
researchers have studied the relative ЇЇ s 
portance of the perceptual and response 
components when choice RT jg affecte 
by changes in stimulus on 
prediction outcome. 
have implicated the 


ЈУ 


probability | B 
A majority of studi? 
stimulus identificatio! 
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S-R COMPATIBILITY, 


r 
ај а тезен extent than the response 
due to Laos ess as the source of variance 
ome M in probability or prediction 
probability hat is, changes in stimulus 
bility i rather than response proba- 
effect" аин most of the "probability 
kins & Н ertelson & Tisseyre, 1966; Haw- 
& Drur rm 1969; Hawkins, Thomas, 
the La 970), and correct anticipation 
resulted imulus rather than the response 
a a prediction outcome effect 
Seller ss Krainz, 1970; Whitman & 
TI » 1972). 
ina Amp moe d of the S-R relationship 
Ж есы т Г situation has been shown to 
ice the importance of the response 
nt of the choice reaction 
in a highly 
ncies are said 
perceptual 


Select; 

Es component o 

борац, Mons specifically, 

О be lar ie task reaction late 

Gnoe y determined by the I 
‘nt of the choice RT process, 


wh 

. reas г 

ро, 15 response effects become more 
rte B + "T 

he aan determinants of choice RT when 
=R relationship is made less com- 


t. (ев Sanders, 1970; Welford, 1960). 
hat A. MS assumption, the observations 
аыл) compatible: S-R arrangements 
Brobabilie: a greater influence of stimulus 
63. e on choice RT (e.g. Fitts et al., 
Soter anders, 1970) and a larger effect of 
on ae incorrect stimulus anticipations 
Seller cote (Keele, 1969; Whitman & 
in the iie implicate response factors 
flects pro xbility and prediction outcome 
lied е Thus, the research methodology 
and ~ study the relative roles of perceptual 
task sponse bias in à discrete choice КТ 
Med (i.e., three-stimulus, , two-response 
det sn M compatibility manipulations) has 
iu ermined whether or not the response 
ection process was significantly influenced 
al changes in probability or prediction 
come. The present experiment com- 
Pared the effects of both probability and 
Prediction outcome between high and low 
-R compatibility conditions. А reliably 
arger influence of either variable on choice 


RT in the low compatible condition would 
Necessarily implicate appropriate response 
effects. 


PROBABILITY PREDICTIONS, AND RT 
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METHOD 


Subjecls.—Two experimental groups of 10 males 
and 10 females each participated in individual 1-hr. 
‘All Ss were enrolled in the introductory 
course at Virginia Polytechnic Institute 
е had previously been in a 


sessions. 
psychology 
and State University; попе 


reaction time experiment. 
Stimuli.—For each of 300 stimulus presentations, 


the symbol Л was presented by the illumination of 
one of two digital readout each 5 X 1 cm. and 
separated on а horizontal axis by 35cm. For each 
of the first three cons cutive blocks of 50 trials, 70% 
of the presentatio: (i.e. 35) were on the "left" 
and 30% (15) were on the “right.” Then the 
relative frequencies of the left and right locations 
were reversed so that for each of the next three 
50-trial blocks 70% of the stimuli were 
number of consecutive identical 
ded seven for the more probable 


location or three for the less probable location. 
Procedure.—Prior to each stimulus presentation, 
Ss verbally predicted whether they expected the 
left or right alternative. After approximately 2 sec., 
a ready buzzer sounded; and following a uniformly 


random time interval ranging from 5 to 2 sec., the 


consecutive 
“right.” The 
locations never excee 


left or right readout was illuminated. The Ss 
identified the stimulus location (left or right) as 
о micro- 


sing one of tw 
switches which were pos! oned within spatially 
separated reaction triggers, the left trigger being 
gripped by ‘Ss’ left hand and the right trigger by 
right hand. 

he Ss of the compatible condition (Group C) 
pressed the left trigger following a left stimulus 
and the right trigger following a right stimulus. 
"The reverse S-R mapping relationship was in effect 
for Ss in the incompatible condition (Group 1); ies 
the right trigger was pressed to identify left and the 
left trigger was pres „а to identify right. A choice 
reaction turned off d stopped à 
Hunter Klockounter, Model D. The latency 
between each stimulus presentation and an identifi- 
cation response was measured to the nearest milli- 
Anticipatory responses and inappropriate 
o E via indicator lights. 

ted that Ss concen- 


quickly as possible by дерг' 


the stimulus ап 


second. 
choices were reported t 

The task instructions reques! 
trate on each stimulus prediction and emphasized 
the importance of both speed and accuracy when 
identifying stimulus presentations. The 55 were 
informed that the stimulus presentations were 
programmed on punched paper tape, but were not 
told anything about the intrasequential distribution 
of the two stimulus locations. At the start of each 
individual session, 10 practice trials were given 
during which Ss' questions concerning their task 
were answered. 


RESULTS 


Compatibility and reaction speed.—Each 
latency was converted to à choice reaction 
speed (CRS = 1/sec). The errors (i.e., 
anticipatory responses or inappropriate 


Туз 

206.0 
identifications) were eliminated from the 
data analysis and did not exceed 4% (i.e., 
12) for any given S. The independent 
effects of prediction outcome and relative 
frequency оп CRS were determined for 
each compatibility condition by categor- 
izing the speeds of each S according to the 
stimulus presentation (left or right loca- 
tion) and the prediction outcome de- 
termined by that stimulus presentation 
(correct or incorrect prediction), calculating 
the category means for cach .S over 50-trial 
blocks, and determining group means for 
each category. For all Ss, cach category 
mean included at least four data entries. 
For the Compatible (Group C) and the 
Incompatible (Group 1) conditions, Fig. 1 
depicts the average CRS following cor- 
rectly predicted “lefts,” correctly predicted 
"rights," incorrectly predicted "lefts," and 
incorrectly predicted "rights" for consecu- 
tive blocks of 50 trials. A between-group 
speed comparison for each of the four catc- 
gories indicated that the speeds of Group C 
were markedly faster than those of Group I. 
For both groups, average CRS was faster 
to correctly predicted events, and for the 
prereversal trial blocks CRS was faster 
to the more probable stimulus alterna- 


COMPATIBLE CONDITION 
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tive of each prediction outcome саек 
Following the probability reversal, omy 
Group C demonstrated a complete spc 
reversal within both the correctly ргейи 
and incorrectly predicted event categor 
Тће overall analysis of variance, а 

(Groups) X 2 (Prediction Outcomes) ^1) 
(Stimuli) X 2 (Prereversal vs. Росети 
X3 (Trial Blocks) factorial, demonstra 
significant main effects of group, F c 
9.62, p < .005; prediction | outcome 
F (1, 38) = 78.97, p < .001; stimulus, 
(1, 38) = 43.62, p < .001 ; reversal /, (t 

= 16.14, р < .001; and trial blocs 
(2,76) = 12.50, р < .001. Of the o. 
actions only four reached significance i 
Stimulus X Reversal, / (1, 38) = 3 Sil 
P < .001; Group X Stimulus X Reversi 
F (1, 38) = 5.48, р < .025; Stimulus 5 
Trial Block, F (2, 76) = 4.04, p € "Trial 
and Group X Stimulus Х Reversal x “hese 
Block, F (2, 76) = 4.03, p < .025. TER 
significant interactions indicate that ba- 
was significantly influenced by the ae 
bility reversal and that the effect of m- 
reversal оп CRS was dependent on соч 
patibility. То further examine the Re 
patibility effects а 2 (groups) X 2 (prec ia 
tion outcomes) X 2 (stimuli) x 3 00 
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block i 
NE) factorial was calculated for both 
ров) and postreversal. 
E prereversal analysis indicated signifi- 
main effects of group, Ё (1, 38) = 7.36, 


EL prediction outcome, F (1, 38) 
a 63 34 p < .001; stimulus, F (1, 38) 
34, p < .001; and trial block, F 


None of the 


) = 10.95, 


о 
T Group X Stimulus, F (1, 38 
Block, 


To st 

acy the effect of S-R compatibility on 
s отчета strategies, ) 

Stimul each group who predicted t 
ate was calculated for successive 
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for each trial block Group C predicted 
the more frequently ‘occurring stimulus 
alternative more often than Group І. That 
is, for Group C the proportion of left 
predictions was higher for the first three 
trial blocks and was lower following proba- 
bility reversal. The analysis of variance 


for the proportion of left predictions as a 
reversal, and 


function of compatibility, 
trial block (ie, a 2X2 X 3 factorial) 
indicated a significant main effect of only 
reversal, F (1, 38) = 23.83, p « .001. 
Significant interactions obtained were 
Group X Reversal, F (1, 38) = 629, p 
< .005, and Reversal X Trial Block, F 
(2, 76) = 20.26, p < .001. Post hoc ? 
tests between the trial block proportions 
of each group (df = 19) indicated that the 
differences on Trial Blocks 1, 5, and 6 were 
significant beyond the .05 level (two tailed). 


DISCUSSION 


The results indicated that both dependent 
variables, choice reaction speed (CRS) and 
the proportion of "left" predictions, were 
significantly influenced by the degree of S-R 
compatibility. As expected, choice reactions 
were much faster when the spatial attribute of 
each stimulus alternative (left or right) was 
identical to that of its appropriate identification 
response (cf. Wallace, 1971). When the 
relative. frequencies of the left and right 
stimulus locations were reversed, CRS to both 
correctly and incorrectly predicted events 
reflected the reversal to a greater extent when 
the S-R arrangement was highly compatible, 
(i.e., Group C). Theoretically, the additional 
response bias introduced by the incompatible 
S-R mapping (ће. Group I) inhibited the 
postreversal probability discrimination as indi- 
cated by differential speeds to each stimulus 
alternative. Moreover, weaker probability 
discrimination by Ss of Group I was demon- 
strated by the analysis of S's prediction 
strategies. That is, for both prereversal and 
postreversal, Ss of Group C predicted the more 
frequently occurring stimulus alternative reli- 
ably more often than did Ss of Group I. 
Apparently, requiring Ss to identify a stimulus 
location with a response in the contralateral 


location added task complexity sufficient to 
liscrimination implied 


inhibit the probability c 
ll as their reaction 


by Ss’ predictions as we 
speeds. 
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It is noteworthy that the speed reversals 
reported in the study which introduced proba- 
bility reversal in a choice RT paradigm 
(Geller, Whitman, Wrenn, & Shipley, 1971) 
were less complete than those of Group C in 
the present study and more complete than 
those of Group 1. In the experiment by Geller 
et al, a discrimination of the relative fre- 
quencies of an incorrectly predicted event was 
implied only to the extent that CRS was 
significantly influenced by stimulus proba- 
bility during prereversal but not during post- 
reversal. For the incorrectly predicted events 
of the present study a marked speed reversal 
was observed for Group C, but the speeds of 
Group I were not influenced by the probability 
reversal until the last 50-trial block of post- 
reversal. Since Geller et al. varied the stimulus 
alternatives on a shape dimension (i.e., U orf 
symbols in the center of a screen) and the 
response alternatives on a location dimension 
(i.e., left or right response triggers), the degree 
of compatibility in that study was less than 
that of Group C in the present study but 
greater than that of Group I in the present 
study. Thus, comparisons between the proba- 
bility reversal effects in these studies sup- 
port the notion of a continuous compatibility 
dimension (cf. Whitman & Geller, 1972), Spe- 
cifically, combining the present results with 
those of Geller et al., the degree of probability 
discrimination reflected by differential speeds 
to two stimulus alternatives was a direct 
function of the level of S-R compatibility. 

The observation that the effect of correct 
or incorrect stimulus predictions on choice RT 
was not influenced by a decrease in S-R 
compatibility indicated that the prediction 
outcome effect is primarily a perceptual phe- 
nomenon. А similar conclusion resulted from 
previous choice RT research using a three- 
stimulus, two-response paradigm (Hinrichs & 
Krainz, 1970; Whitman & Geller, 1972), Like- 
wise, the present observations that 
ability effect was not influenced 
patibility condition during Prereversal and 
was less prominent for the incompatible 
condition during postreversal supported the 
conclusion of the three-stimulus, two-response 
experiments: that changes in relative stimulus 
frequency influence primarily the identification 
component of the choice R r process (Bertelson 
& Tisseyre, 1966; Hawkins & Hosking, 1969; 
Hawkins et al., 1970). However, these findings 
of the present study were inconsistent with 
the results of earlier experiments which varied 
compatibility and stimulus probability in а 


the prob- 
1 by the com- 
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1963; 


choice RT paradigm (Fitts et al, US 


Sanders, 1970). Indeed, these investiga vn 
found probability changes to have an поа 
ingly greater effect on choice RT as the де 
of S-R compatibility decreased and E 
showed response factors to be import" 
determinants of the probability effect ie 
though this discrepancy may be attri ions 
to any one of a number of procedural var 
between these studies (e.g., operational ‹ M "i 
tions of compatibility, number of КЕТУ 
alternatives, the occurrence of a proba 4 o 
reversal), it would be most provoca tapa 
consider a specific difference between тес 
instructions of the present study and Fitts 
of the other experiments. Specifically, the 
et al. and Sanders informed their 55 9 


! each 
relative frequency of occurrence for шаш 
stimulus alternative, but Ss in the P 


experiment were not informed of the stima 
probabilities. Consequently, the „Черек р 
variables of the present study (i.e. M i- 
latency and stimulus predictions) were a 
cations of Ss’ learning to discriminate betW 
stimulus probabilities, However, when из 
knew the relative frequency of each stim" 
at the start of the experiment, it is reason’ и 
to assume that choice latencies did not ге ib 
discrimination learning to that same ext? 
and consequently different effects of 
compatibility or task complexity might 
expected. "T 

The importance of the amount of probabilit? 
information given Ss in a choice RT expe 
ment is also evident when one considers ens 
researchers who advised Ss of the stimuli 
probabilities prior to the experimental sessio 
observed an interaction. between predictio 
outcome and compatibility (Keele, 1969) у 
between prediction outcome and probabi 4) 
(Geller & Pitz, 1970; Hinrichs & Craft, 197. | 
but that such interactions were not observe" 
When Ss' instructions did not include inform 
tion about the stimulus probabilities i 
neither interaction was obtained in the prese 
study). ћ 

Thus, a worthwhile goal for further resear о 
would be to derive an explanation for ы 
apparently discrepant roles of response Be 
in the two discrete RT paradigms (i.e thd 
stimulus-two response versus relatively A 
compatible one-to-one mapping of stimulu 
and response). The results of the presen 
study suggest that inconsistencies might be ye 
to variations in the amount of ility 
information given Ss during th ле 
structions. 


probab: 
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MEMORY SEARCH AND THE RECALL OF DIGIT SERIES! 


JAMES FRITZEN 2 
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Three experiments were conducted to ех, 
Each string 
digits. In Exp. I, either the first, th 
trials. Under conditions of immediat 
Under conditions of delayed recall, im 


in recalling digit strings. 


ditions. 
one or two previous strings. 
make use of past repetitions from 


immediate versus delayed recall. 


Melton (1963) has demonstrated that the 
recall of a random string of digits will 
improve with repetition despite the inter- 
vening presentation and recall of as many 
as five other digit strings. One way to 
account for the effectiveness of past 
repetitions is in terms of a memory search 
process which terminates in the retrieval 
and utilization of past traces identical to 
the just-presented string. 

Bower and Winzenz 
posed the reallocation 
entails a search throug 
in memory rather th 


(1969) have pro- 

hypothesis which 
h groups of strings 
an individual strings. 
Strings that have certain digits (e.g., the 
first few digits) in common are grouped 
together or allocated to the same memory 
location. Search proceeds by checking 
addresses of locations, the address of each 
location being the first few digits of the 
string. 

In agreement with the reallocation hy- 

1 Тһіѕ paper is based on a dissertation submitted 
to the Ohio State University in partial fulfillment 
of the requirements for the Php d 


ў press his gratitude 
to Neal F. Johnson for his suggestions and criticisms 


Ў, " ~ of the research, and als, e 
during the ae om 3 nination committee, m He 
members B D. Wickens, and M. Jones, 
Ei [m reprints should be sent to James 
2 jc Department of Psychology, Virginia 
Pag cine Institute and State University, Blacks- 
burg, Virginia 24061. 


amine how Ss make use of repetitions 


was presented in chunks of two or three 
ird, or fifth chunk was repeated across 
е recall, only the first chunk improved. 


provement was found in all three con- 
In Exp. II and III, repeated strings h 


The del 


ad chunks in common with 


ayed recall data indicated that Ss could 
two se 
suggested that two separate accounts of гер 


Parate previous strings. It was 
petition effects may be needed for 


pothesis, it is found that the repetition of 
only the middle or terminal portions neg 
digit string does not result in improve Joes 
call (Bower & Winzenz, 1969). Recall ona 
improve, however, when partial reper ad 
involves the first few digits of the oe 
Apparently, partial repetition is зоте ji 
fruitless because the middle and termin 
Portions of strings, while they may sot 
stored within memory locations, are he 
contained in the stored addresses of 
strings. EN. 
Experiment I is essentially a replicati? 
of the Bower and Winzenz (1969) рад 
repetition effect, and is designed to exP ү 
the possibility that some factor other К 
reallocation might be responsible for E 
effect. In particular, during the present? 
tion of a sequence of digits, there may А. 
a tendency for Ss to store the initial ро 
Чоп of the digit sequence in long-tem 
Store (LTS) and a tendency to store V 
latter portion of the sequence mainly 5) 
not exclusively) in short-term store (ST h 
A relatively small degree of LTS strengt 
for certain portions of the digit string ипсе 


conditions of immediate recall might © 
plain the lack 


after it was presenteC 
as that of Bower о 
Г ` “or those Ss, it was P 
dicted that the partial repetition effect à 
5 "24607 would be replicated: 
Тће other half of the 55 hada rne fille 


Presentation of ever 
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stri 

ELE и recall. Under those conditions, 

was h S oe rely on STS for recall, it 

LTS ро hesized that the distribution of 
Strength across all portions of a digit 


st 
оша be more nearly equal, resulting 
igit bud recall when any portion of a 
Ypothesi g is repeated. The reallocation 
Same off d however, would predict the 
recall: į ect Гог | immediate and delayed 
of a den repetition of the initial portion 
Ноћ of ed will improve recall while repeti- 
Will hav, y the middle or terminal portions 
e no effect. 


Method EXPERIMENT I 


S, ; 
К 5 One hundred and twenty introductory 
сова students served as Ss. „They were 
Toups xs y assigned to one of the six independent 

ien: they came to the experiment. А 
digits ——Each 5 had 20 recall tests on strings of 
"digit d Each string was segmented into five 2- or 
call unes For Groups I-1, I-3, and I-5, the 
lon of e ud immediately after the presenta- 
Tespecti ach string. The first, third, or fifth chunks, 
3 igit vely, of every other string were the same 
delayed For Groups D-1, D-3, and D-5, recall was 
the Dres by а 15-sec. filler task immediately after 
uS АОЛ of the string. 
Were a the six groups, the same constant chunks 
Constance equally often. Within each group, the 
r ee cae occurred on the odd-numbered tests 
ests fo alf of the Ss and on the even-numbered 
Consta, the other half, The strings in which the 
nt chunks appeared were designated repeat 
Win and the remaining strings were desig- 
noise or N-strings. 


Ti 


Date 


1.80 


MEAN RECALL 


epee ee 


TRIALS 


Fic. i. Mean number of digits recalled from the const 
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Materials.—The strings were constructed from a 
table of random numbers using the digits 1-9 such 
that each digit could appear zero, once, or twice 
within a string, with the restriction that no digit 
could immediately repeat itself within the string. 
Each N-string was randomly assigned a different 
segmentation of three, three-digit groups and two, 
two-digit groups. Segmentation of the R-strings 
was constrained by the restriction that each string 
have a three-digit group in common; however, the 
same segmentation was never used more than twice. 
Five different lists were constructed as а precaution 


against list effects. 
Procedure.—Each of th 
in five groups on five successive 
rate as S read the number on each slide, e.g., 321 
was read as “three twenty-one." For the im- 
mediate recall condition, E said "recall" after the 
last slide of each string was shown. For the delay 
condition, recall occurred after a 15-sec. filler task 
which involved shadowing consonants at a .75-sec. 
rate (Bartz, 1969). 
The Ss were allowed 20 sec. to record their re- 
answer booklet and were encouraged 
wers from beginning to end. 
Each page in the booklet had 13 evenly spaced 
dashes. Prior to the experimental trials, three 
practice trials were given involving recall of 


consonants. 


є 20 strings was presented 
slides at а 1.5-sec. 


sponses in an 
to record their ans 


Results 

The mean number of digits recalled from 
the constant chunks across trials is pre- 
sented in Fig. 1 for each of the six groups. 
The improvement of constant first chunks 
was found to be significant, F (9, 342) 
= 6.16, p < .001, and the improvement did 
not interact with delay, F < 12 


Бет B. 9 
TRIALS 


ant chunk as a function 


neo ЗУ 


of position for both immediate and delayed recall. 
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The overall analysis on the constant 
third and fifth chunks indicated a signifi- 
cant effect of trials, F (9, 684) — 10.99, 
P < .001. The effect of position was also 
Significant, F (1, 76) = 39.93, P < .001, 
reflecting the superior recall of constant 
fifth chunks. In addition, the effect of 
delay was significant, F (1, 76) — 4.00, 
P < .05, reflecting superior recall of the 
immediate groups. The Trials X Delay in- 
teraction was significant indicating superior 
improvement when recall was delayed, 
F (9, 684) — 2.30, P «.05. An analysis 
of simple effects indicated significant im- 
provement with both immediate, F (9, 684) 
= 2,86, 5 « .01, and delayed recall, F 
(9, 684) — 8.36, 2 < .001. No other in- 
teractions were significant, Fs « 1.03. 

The finding of improved recall for con- 
stant third and fifth chunks with immediate 
recall is at odds with the Bower and 
Winzenz (1969) data, and could be attrib- 
uted to nonspecific practice effects. In 
order to partial out such effects, a differ- 
ence score was calculated for constant- 
chunk recall, which consisted of taking the 
number of digits recalled in each constant 
chunk and subtracting from it the number 
of digits recalled in the same serial positions 
in the corresponding N-string. 


These 
Scores are presented in Fig, 


2. For purposes 


MEAN RECALL 


( 2 зна ве не 
TRIALS 


lo 


Fic. 2. Mean recall (differ, 


of position for both i 


ence scores) of the constant chunk as 
Mmediate and delayed recall, 
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of analysis, these scores were stabilized by 
blocking the 10 trials for each S into the 
blocks of 2 trials each and averaging 
difference scores within each block. s for 
An analysis of the difference ur 
constant third and fifth chunks и a 
significant interaction between | e 
delay; i.e., improvement was greater E: 
conditions of delayed recall, P (s 
= 4.30, р < .005. А test of simple И 
indicated that the improvement ug Es 
trials was not significant for immedia ree: 
call, F (4, 304) = 2.24, p > .05, in айе 
ment with the findings of Bower was 
Winzenz (1969). The притив И. 304) 
significant for delayed recall, b ( i: 
= 5.63, р < .001. No other interac d 
were significant, Fs < 1. The Inga. 5, 
of trials was significant, Ё (4, 304) — ^ Е 
P < .05, as was the effect of delay un 
(1, 76) = 4.06, р <.05, There was 
effect of chunk position, F < 1. it 
For constant chunks in the first posi " 
the improvement across trials was PE he 
cant, F (4, 152) = 848, р < .001. 
improvement did not interact with d 
F <1. Thus, when recall is indexe 
difference scores, improvement is foun 
any constant chunk with delayed гес 


jon 


all; 


ith 
с wit 
but only for a constant first chunk | 


immediate recall. 


Be e CYPRI 
TRIALS 


а function 


jons | 
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Discussion 


pe cvs data indicate a different pattern 
КЕ media t depending upon whether recall 
Non е ог delayed. One possible ex- 
en is that the differential pattern of 
Strategie nent reflects a difference in storage 
under н e the two conditions. That is, 
Memor UM, of immediate recall, the 
is IA er which persists from trial to trial 
ew Chimie, representative of only the first 

ШО = s of the digit strings. „Under con- 
end to delayed recall, the persisting traces 

igit stri represent all serial positions of each 

ing. 

з ч: of Bartz (1969) have a bearing on 
the не data, although Bartz was exploring 
entire a; ition effect of digit strings when the 
Single Le string was repeated rather than a 
recall af ИЛ. À His data indicated that the 
Strings ај igits in terminal positions of the digit 
When and greater absolute improvement 
Sali was delayed than for the same 
Suggest d When recall was immediate. Bartz 
recall Ls that under conditions of immediate 

ring ee items in terminal positions ofa digit 

Аң 784 to be recalled primarily from STS: 
in imm адн possibility is that differences 

i cae iate and delayed recall do not reflect 
etriey, Pa in storage so much as differences in 
hypothe З A modification of the reallocation 
n ar could explain the data in Exp. I 
With Pid of retrieval differences. Specifically, 
ang ү ayed recall, the traces could be stored 
any D eie in groups which are based upon 
immedi stant chunk, first, third, or fifth. With 
Met ites: recall, the original reallocation 
Would b would hold, and grouping of traces 
erms 7 based on the first chunk. Thus, in 
Dositi of strength of storage across chunk 
TAN ons, the two conditions could be equiv- 
Sonn but only with delayed recall. would 

ant third and fifth chunks improve. 


EXPERIMENTS П AND Ill 


. Experiments П and III were designed to 
assess whether or not the modified realloca- 


Чоп hypothesis might be а feasible explana- 
tion for the data obtained хр. Н Two 
ТУрев of presentation sequences were used 
m which four chunks of the. first two 
(initial) strings were repeated in a third 
Critical) string. For the repeat condition, 

e critical strine Was à complete repeat of 
9ne of the initial strings. For the composite 
Condition, the critical string was made up 
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of two chunks from each of the initial 
strings. Experiment II contained a con- 
trol condition in which the critical string 
and the initial strings had no chunks in 
common. 

The modified reallocation hypothesis 
would predict both restricted improvement 
in the composite sequence and higher recall 
in the repeat sequence than the composite 
sequence. Improvement would be re- 
stricted in the composite sequence in that 


the critical string would have to be mapped 
with one previous trace ог the other and 
chunks 


thus only some of the constant 
would be expected to improve—only the 
chunks in common with one of the previous 
strings. Recall would be superior in the 
repeat sequence in that all four repeated 


chunks could improve. 


Method 


Procedure and design.—Ea 
involved the presentation and recall of three 12- 
digit strings (four 3-digit chunks). Each S had 12 
trials, with 6 being in the composite condition and 
6 being in the repeat condition. Five different ran- 
dom orders of the trials were used. To equate 
for difficulty of the critical strings, two different lists 
were used. The critical strings in List A for the 
repeat condition were the same as the critical strings 
in List B for the composite condition, and vice versa. 
There were two independent groups involved in the 
experiment. One group recalled each string im- 
mediately after presentation and the other group 
recalled the strings after a dela of 15 sec. The 
delay procedure was the same n Exp. 1. The 
sign was a 2 X 2 mixed design with type of recall 
Ё immediate vs. delayed) as the between-Ss 
variable and type of sequence (ie., repeat VS. 
composite) as the within-Ss variable. 

In Exp. 111, each 5 had 18 trials instead of 12 as 
in Exp. П, with 6 being in the composite condition, 
6 in the repeat condition, and 6 in the control con- 
dition. Seven different random orders of the trials 
were used. Each control trial involved the presenta- 
tion of three strings, none of which had any chunks 
in common. То equate for difficulty of the critical 
strings, three different lists were used. Across the 
lis s, the critical strings were the sam for the three 
conditions. As in Exp. ll, there were two inde- 
pendent groups: one immediate and one delayed. 

. Materials.—Half of the trials in the repeat condition 
involved repetition of the f string and half in- 
volved the repetition of the nd string. For the 
six composite trials, there are actly different 
ways that two chunks from the first string and two 


Írom the second string can be taken to form the 
four chunks in the critical string. Each combination 


ch trial in Exp. П 


Рур 
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was used once. The digit sequences were generated 
in the same manner as in Exp. I. 

Subjects.—Eighty-two introductory psychology 
students served as Ss, 40 in Exp. II and 42 in Exp. 
ПІ. In both experiments, Ss were assigned in 
alternating order to one of the two groups as they 
came to the experiment. 


Resulls and Discussion 


For the data of Exp. П (see Table 1), 
the critical string recall was greater than 
the averaged recall of the initial strings for 
both immediate, F (1, 19) = 12.19, p < 
-005, and delayed recall, F (1, 19) — 17.49, 
p < .001. These data should be regarded 
with caution, since, in the absence of a con- 
trol condition, that improvement could be 
attributed to general practice effects within 
the presentation sequences. 

Тће repetition effect for Exp. III (see 
Table 2) was assessed in terms of critical 
string recall. An analysis of critical string 
recall indicated a significant effect of se- 
quence type for both immediate and de- 
layed recall, F (2, 40) = 3.28, p< .05, 
and F (2, 40) = 7.86, p< -005, respec- 
tively. A Newman-Keuls test of multiple 
comparisons (а = .05) indicated that for 
immediate recall, the only significant differ- 
ence was between the control and the com- 
posite condition. For delayed recall, the 
control condition was inferior to both the 
repeat and the composite conditions, 

Improvement scores were used to com- 
pare the effects of repetition between the 
repeat and composite Sequences. 'The im- 
TABLE 1 


MEAN Соккест Diorrs PER STRING 
IN EXPERIMENT II 


String no, 
Sequence type 
First Second | Third 
Immediate recall 
Composite 5,53 5.21 6.15 
jtm 5.45 5.68 6.06 
Delayed recall 
site 3.42 3.40 4.08 
ee e 2.81 3.11 4.18 
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TABLE 2 


MEAN Correct DIGITS PER STRING 
IN ExPERIMENT 11 


String no. 
Sequence type — 
First Second Third 
Immediate recall 
Composite 6.47 6.16 0 
Repeat 6.10 6.32 5:95 
Control 6.35 6.10 3 
Delayed recall 
Composite 3.88 4.01 25 
Repeat 3.35 3.31 334 
Control 3.17 3.25 ~ 


provement score for each critical sul 
was found by taking the number of b. 
recalled in the four chunks in the Rr 
string and subtracting from it the num as 
of digits recalled for those same chunks ? 
they appeared in the initial strings. ate 
The data of Exp. II did not indic 
differential repetition effects for the be 
conditions. The mean improvement see 
for the composite and repeat sequen А 
were .71 and .79 digits for immediate or 
For delayed recall the means were .65 E 
1.08. Ап analysis of variance indica a 
that the effect of delay was not relia d 
F < 1, nor was the effect of sequence PM 
F (1, 38) = 1.50, р> .05. In addition: 
the interaction was not significant, F < ‘of 
The data of Exp. III indicated super 
improvement for the repeat sequence he 
delayed recall. For delayed recall t Н. 
mean improvement was .84 for the СО 
Posite sequence and 1.91 for the терен 
Sequence. For immediate recall the moss 
were .42 and .24, respectively. An analys" 
of variance yielded a significant interact! E 
between delay and type of seguenta 
F (1, 40) = 612, р < .05. The hope 
multiple comparisons indicated that the c d 
ference between the sequence types in € 5 
layed recall was significant (а = .05). T 
Superior recall of the repeat sequence unde 
conditions of delay is consistent with рге 


dictions made from the modified геапосе“ 
tion hypothesis. 


T 


т 


F 
ES analyses were done to assess 
to only ed m improvement was confined 
Composite c of the four repeated chunks in 
modified Ж кы аз suggested by the 
Composite ea location hypothesis. ч For the 
ment d condition, separate improve- 
E the P were found for the two chunks 
rom the oe string and the two chunks 
should шы string. The larger score 
Celved re iae the pair of chunks that re- 
Score и Hass and the smaller 
M oo indicate the pair for which 
cedure dn no effect. A similiar scoring pro- 
condition s used for sequences 1n the repeat 
Were LE in which improvement scores 
in the ше то comparable pairs of chunks 
itical strings. 
E ыг between large and small 
Ere pud be significantly smaller in 
the ама condition than the difference in 
fectg сакра condition. Repetition ef- 
small ein contribute to both large and 
only e in the repeat condition but 
Condition large scores in the composite 
GE n. The obtained mean-improve- 
Com Cores were —.66 and 1.32 for the 
or Hire condition and —.31 and 1.37 
analysis repeat | condition. A two-way 
differen. of variance indicated that the 
Was nce between large and small scores 
с LOU differential for the two conditions, 
cM F Thus, it would appear that the 
eo tend to improve in a similar 

i ion for both types of sequences. 

Bia i summary, these data fail to show that 
mprovement of composite sequences is 
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restricted to one previous trace, as sug- 
gested by the modified reallocation hypoth- 
esis. The related prediction, that recall 
of repeat sequences should be superior, was 
borne out only in the delay conditions of 
Exp. III, and it would seem that that 
superiority would have to be accounted 
for in terms of some hypothesis other than 
reallocation. 

The failure to find superior recall of the 
repeat sequences in immediate recall could 
possibly be due to the small repetition 
effects obtained with the present procedure. 
The same explanation could apply to the 
delayed recall data of Exp. II; however, 
without the appropriate control condition 
for that data, it is impossible to make any 


valid inferences. 

The data of Exp. II and III offer further 
support for the finding in Exp. I that im- 
provement is restricted to the first few 


chunks in immediate recall. Separate im- 
provement scores (maximum — 3) for each 
chunk position were found for the data of 
Exp. П and Ш, and are given in Table 3: 
In general, improvement is confined to the 
first few chunk positions when recall is 
immediate and more spread out with de- 
layed. The score for the first chunk in the 
delayed-composite condition (Exp. П) was 
significantly negative ; i.e. recall was in- 
ferior when that chunk was repeated. 
There is no obvious reason why that should 
have occurred and it was not replicated in 


Exp. HI. 


TABLE 3 


PROVEMENT SCORES FOR EacH CHUNK Position 


Im 
Chunk position 
Sequence type Exp. П Exp. Ш 
1 2 3 4 1 2 3 4 
Immediate 
omposite .29* 28* .08 .05 15 17 A3 —.03 
Den Peat .48** 29* -00 :03 19* 12 —.13 .07 
ayed 
Composite —.23* ,25* 357" 28** 20* .20* 219 23 
epeat .28** 7 34* 30* 42** „51** .38* .60** 
4% 5:07 or beyond. 
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GENERAL DISCUSSION 


These data appear to rule out the realloca- 
tion hypothesis, in either its original or modi- 
fied versions, for delayed recall. One hypoth- 
esis that might adequately account for the 
delayed recall data in the present set of experi- 
ments is the bin hypothesis (Bower & Winzenz, 
1969). According to the bin hypothesis, 
memory consists of a small set of storage slots 
or bins. The first chunk of every digit string 
becomes associated with the first bin, the 
second with the second bin, and so on. 

The bin hypothesis would predict improve- 
ment for a repeated chunk in any position, 
which is consistent with the delayed recall data 
of Exp. I. In addition, it would predict that 
in the composite sequences of Exp. II and III, 
improvement could be found for repeated 
chunks from two different previous traces. 
However, one aspect of the delayed recall data 
that is not consistent with the bin hypothesis 
is the superior recall of repeat sequences over 
the composite sequences in Exp. III. 

It is possible that the advantage of the re- 
peat condition is due to repetition of inter- 
chunk information provided in that condition. 
Bower and Winzenz (1969, Exp. II) demon- 
strated that inter-chunk learning takes place 
when an entire digit string is repeated. In 
the present studies, when the four chunks are 
repeated in the repeat condition, the same 
inter-chunk information is repeated. When 
the four chunks are repeated in the composite 
condition, the inter-chunk relationships change 
from what they were in the initial strings. 

Itis not immediately obvious how one would 
incorporate the notion of between-chunk 
learning into the framework of the bin hy- 
pothesis. One possibility is to hypothesize 
stored associations between successive chunks 


in adjacent bins. Another possibility is thet 
higher order codes are formed to retrieve 11" 
formation from successive groups of bins (egi 
Johnson, 1968). It seems clear, however, tha 
some notion of between-chunk learning, e 
gether with the bin hypothesis, could accoun 
for the delayed recall data. for 

If the same hypothesis is to account, nt 
both immediate and delayed recall, it T 
be argued that the bin hypothesis also ho A 
for immediate recall. Different repetition € 
fects in the two conditions might be explaine 
in terms of more extensive LTS storage i 
delayed recall. ‘There are immediate rec? 
data, however, obtained by Bower ати 
Winzenz (1969), that are inconsistent Wi 
the bin hypothesis and which cannot react 
be accounted for in terms of lack of 
strength (viz., Exp. VI and VII). E 

Thus, it is possible that one explanate 
pertains to immediate recall and another is 
delayed recall. The reallocation hypothe 
appears to explain, quite well, the immedia 
recall data of Bower and Winzenz (1969) а" 
that in the present experiments. 
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EFFECT OF RETENTION 


AND PROACTIVE INHIBITION O 


INTERVAL, RETROACTIVE INHIBITION, 
N MEDIATING ASSOCIATIONS ! 
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Traditional proactive inhibition ( 
Control retention paradigms 
and A-B, D-C, А-С control p: 
A 10-min. ог 24-hr. retention in 
(D-C) learning. 
А-В recall taken i 
paradigm superiority 
(b) greater RI than 
interval (only a tren 
tions from pseudomedia 


en numerous demonstra- 


B that A-C performance in the context 
ti һе А-В, B-C, A-C mediational (M) 

ansfer paradigm yields performance su- 
ed to that obtained on the same A-C list 
ae the context of the A-B, D-C, A-C 
ter rol (C) paradigm. The theoretical in- 
fee has usually been in terms of 
to ability of Ss receiving the M paradigm 
dm use „the prior-learned A-B and B-C 
associations to mediate A-C during Stage 
16 learning. This chaining interpretation 
Ls to the prediction that any variable 
n alters the strength of either or both 
EN the mediating A-B and B-C associations 
d likewise produce à change in the 
evel of superiority of the M over the C 
paradigm. Although the manipulation of 
acquisition variables has yielded some sup- 
Port for this prediction (e.g., Schulz, Liston, 
& Weaver, 1968; Schulz, Weaver, & Dobbs, 
1968), investigations in the area of retention 
ave been few and conflicting. The major 


Premise of the present study was that the 
nown effects of proactive inhibition (PD), 
у ion (RD, and retention 


retroactive inhibiti 


There have be 


dissertation submitted 


ona \ е 
uate school їп partial 
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PI), retroactive inhibition (R. 
were combined w 
aradigms to form 12 groups (7 
terval was imposed imme 

In accordance with a mediation 
immediately prior to А-С learning 
during А-С indicated: (a) forgetting over 

PI on immediate t 
d for increasing PI). 
tional and direct- 


I) and Rest 
ith A-B, B-C, А-С mediation, 
(п = 20 per group). 
diately after B-C 
al (chaining) analysis, both 


and the degree of mediation 
a 24-hr. interval 


est, and (c) decreasing RI over the 
The results are counter to expecta- 
association interpretations. 


interval obtained with "traditional" re- 


tention paradigms could be generalized to 
the case of the mediating associations 
assumed to be employed by Ss receiving 
an M paradigm. On the basis of the 
premise one would expect combined reten- 
tion and mediation paradigms to produce 
relative magnitudes of mediation effects 


indicating: (а) forgetting over an interval, 
ith an immediate 


(b) greater RI than PI w 
test, but (c) decreasing RI and increasing 
Contrarily, 


PI over a retention interval. 
no differential effect of the various reten- 
tion variables would be expected for the 
A-C performance of the C paradigms when 
appropriate materials are employed (cf. 
Schulz, Weaver, & Ginsberg, 1965). 

Not only is there little evidence by means 
of which these predictions can be evaluated, 
but the evidence which is available is con- 
flicting. For example, Murdock (1952) 
and Adams (1964) have reported evidence 
supporting the predictions in that they 
found (respectively) retroactively and pro- 
actively interfering associations reduced 
mediated performance. On the other hand, 
Peters (1935) obtained a 
mediation after 24 hr. than immediately, 


and Horton and Wiley (1967) found no 
n after а 10-day 


decrement in mediation eve 
retention interval, even though A-B recall 
taken after A-C learning showed larger 
decrements with longer retention intervals. 
However, none of these studies evaluated 
the state of the interfered with or to-be- 


remembered association prior to the time 
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it was employed mediationally. | Such 
а measure is requisite in that corroboration 
for the chaining analysis must be assessed 
in terms of parallel effects of the retention 
variables on the association's strength 
when directly recalled and employed 
mediationally. 

Тће approach taken herein was to com- 
bine the "traditional" PI and RI para- 
digms with the M and C paradigms such 
that an interfering list would produce PI 
or RI forthe A-B association. Rest-control 
groups also received the M and C para- 
digms, but no additional interfering list 
was given. Two retention intervals were 
employed with an A-B recall trial adminis- 


tered immediately before and after А-С 
learning. 


METHOD 


Design.—The experiment consisted ofa 2 X 2 x3 
factorial design. The respective sources of classifi- 
cation were, paradigm (Mediation or Control), re- 
tention interval (10 min. or 24 hr.), and subset (PI, 
RI, or Rest Control). Eight of the 12 groups re- 
ceived an interfering A-X list. In order to establish 
a PI paradigm, A-X learning preceded List A-B for 
the two M and two C groups of the PI subset. The 
interpolation of А-Х learning between Lists A-B 
and B-C (D-C) formed RI paradigms for the other 
4 groups receiving an interfering list. The Rest- 
Control subset was not given an interfering list and 
provided control groups for the PI and RI subsets. 
The first A-B recall, A-B Recall-1, was given im- 
mediately prior to A-C learning and enabled an 
assessment of the state of the "direct" 
tion. Assuming a constant level of B-C strength 
for all M groups, Stage 3 (A-C) performance pro- 
vided for an evaluation of A-B strength when this 
association was used mediationally. Hence, if PI, 
RI, and forgetting are demonstrated in A-B Recall-1, 
the major premise of the present study will be 
supported to the extent that A-C mediation effects 
for the PI, RI, and Rest-Control conditions are 
found to reflect performance Obtained on the first 
recall trial. The second A-B Recall trial, A-B Re- 
call-2, was given immediately after A.C learning 
and when compared with А-В Recall-1 provided 
for an assessment of the extent to which an A-B 
recall trial given after Stage 3 indicates the state of 
this association prior to A-C. я К 

Subjecis.—The Ss were 240 University ор Iowa 
undergraduates whose experimental participation 
was in fulfillment of a course requirement. Ten 
males and 10 females were assigned randomly to 
each group, with the restriction that each group 
must have 2 — 1 Ss prior to the assignment of the 
nth 5 to any group. Since the 24-hr. conditions 
necessitated Ss’ participating in the experiment оп 2 


' A-B associa- 
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successive days, all Ss were required to sign up for 2 
days to avoid S selection, but those in the 10-min- 
groups were dismissed after the first а ; 

Materials.—Each list was comprised of six Ben 
of items. The A stimulus terms were paralogs vi 
a mean association value of 38.7 (Taylor & Kim qi 
1967). The formal similarity of those terms B 
minimal. The B, D, and X terms were АА по 
(Thorndike & Lorge) with minimal associati 
overlap. The C terms, which were CVC шагу 
low formal similarity, had an average associa Ли 
value of .42 (Noble, 1961). Four randomizatio’® 
of each list were used to prevent serial lea 
These particular class s of materials were employ es 
because they, in conjunction with the procedure 
outlined below, produce a situation not subject d- 
pseudomediation interpretations (Earhard & Man 
ler, 1965, p. 365). 

Procedure.—The general methods employed 55) 
similar to those described by Schulz et al. a re 
and Schulz and Weaver (1968). All lists Wer? 
learned by the study-test method. The study 5 
terval was 2 sec. for all lists, and the test inter. 
was 2 sec. for the А-В and А-Х lists, but 3 sec 
the B-C (D-C) and A-C test trials. With the AP 
and A-X li 5 recalled the responses on test EL 
The test trials for the B-C (D-C) and A-C lists Ла 5 
of the multiple-choice variety where each stimu =a 
term was presented with four alternatives, the 9918 
rect response and three other list-member respon 
terms. ad 

In order to equate the total time between the ч е 
of A-B learning, which marked the beginning of th 
retention interval, and A-B Recall-1, the PI an 
Rest-Control subsets received a filled rest interva’ 
equal to the time required to administer the А 
list to the RI subset (2 min.). This rest intervat 
consisted of working alternating addition and TE 
traction problems with instructions emphasizing 
speed and accuracy. E 

At the end of B-C (D-C) learning, Ss serving 
under the 24-hr. conditions were dismissed, having 
already been scheduled to return in 24 hr. Since 
the total time necessary to administer the RI Ta 
list (or the rest interval task) and B-C (or D-C) ма 
approximately 10 min., this was the minimum Tê- 
tention interval possible for the recall of A-B. 
the end of the retention interval (immediately 
following B-C or D.C for the 10-min. groups, OF 


24 hr. later for the 24-hr. groups), the A-B Recall- 
trial was given. 


In order to assess the major premise of the present 
Study, it was desirable to equate as nearly as poss! ЕЎ 
the conditions under which the effects of the теп 3 
tion variables were evaluated when the A-B аззосї@ 
tion was directly recalled and when it was employe! 
mediationally. ^ When the association is use 
mediationally, Ss are assumed to chain from A to à 
covert recall of B, and from B to C, all within the 
3-sec. test interval. Consequently, when the associ- 
ation is used mediationally, the availability of В 18 
important and there are time restrictions placed 0n. 
its recall. For these reasons, А-В оса 1 and -2, in 


VAN UC Ben 
which the state of the “direct” A association was 
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коче were paced-recall trials Q-sec. rate) as 
(MM FR) task unpaced modified-modified free recall 
P ve к Since it was the manipulation of the 
бе ee | of the A-B portion of the mediational 
minimize hE of interest, an attempt was made to 
ИЕН Ж he influence of variables which might 
AM mS isis of the B-C link. This was 
Wition I m i by employ ng a multiple-choice recog- 
ERI cae cura as it was thought that this would 
К eH шне апу confounding influence of 
[CES 1а term availability or B-C associative 
should A as a result of the 24-hr. interval. It 
ae noted, that the comparison of the A-B 
pn is still in terms. of recall in both the 
EA RAN and mediational situations. Further, it 
Рау y the C groups are the appropriate 
cupi that it is only to the extent that the M 
ЗА Em recall A-B (albeit covertly) that their 
De ance can surpass that of the C conditions. 

B-C Ereg of learning. he criterion for the A-B, 
оре the D-C lists was two trials, not neces- 
E consecutive, on which all items were cor- 
ing Ее A-C learning consisted of 10 alternat- 
the is y and test trials. By means ofa pilot study, 
a Она of trials necessary to acheive a criterion 
ВЕ: ресора was determined when А-Х was the 
на (as in the case of PI) and when it was 
yes е by A-B (as in the case of КІ). The num- 
jene. пасја were found to be 8 and 5; respectively ; 
While 8 I groups received 8 trials of A-X learning, 
A-X trials were administered to the RI 

Бгоџрв, 


RESULTS 


Stage 1.—The overall trial 
Mean for A-B learning was 8.25, with a 
Tange extending from 7.05 to 9. None 
of the factors or interactions were reliable 
qi .05 level. The comparable А-В per- 

niance of the PI groups which received 
A-B and A-X, and the remaining groups 
Which received A-B as a first list, indicates 
the positive learning-to-learn and warm-up 
factors counteracted the negative transfer 
from А-Х to A-B. 

Stage 2,—It will be recalled the para- 
digms differed in this stage; the M and C 
groups learning B-C and D-C lists, re- 
Spectively. The trials-to-criterion means 
ranged from 6.15 to 8.05 for B-C with an 


Overall mean of 6.92, and from 5.35 to 
erall mean of 5.99. 


Без for D-C with an e п Я 8 
Һе М сап for В-С was ound to 
SM ЕГО eh pfor List.D-C 


exceed that of the C grou . 
in each pair 9 M and C groups. The 
d the trend for the superiority 


analysis show€ А 
of Fs the M groups to be reliable, 
Е (1 228) = 3.98, p < .05. All other Fs 


s-to-criterion 
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were less than 1.00. The finding of a 
D-C superiority in Stage 2 is in accord with 
previous studies (e.g., Schulz et al., 1965) 
using similar materials. Separate intra- 
paradigm comparisons for the M and С 
groups showed that the differences among 
the six B-C and six D-C means were no 
larger than would be expected from random 
sampling. 

А-Х learning.—Y. 
of correct responses over t 
of List A-X given by the PI subset groups 
ranged from 29.55 to 34.65. Only the re- 
tention interval variable approached statis- 
tical reliability, (1, 76) — 3.28, .05 € p 
< 10. The means for this comparison are 
31.22 for the 10-min. interval and 34.52 for 
the 24-hr. interval groups. This result im- 
plies that the degree of learning attained by 
the PI groups in the 24-hr. condition may 
have been slightly higher than that attained 
by the 10-min. PI groups. The mean total 
numbers of correct responses obtained by 
the RI subset groups over the 5 A-X trials 
ranged from 13.45 to 15.70. None of the 
Fs approached the .05 level of significance, 
indicating the RI groups attained com- 
parable levels of A-X learning. 

An analysis performed on the mean ter- 
minal levels of learning for the PI and RI 


subsets (Trials 8 and 5, respectively) in- 
dicates the PI groups attained a reliably 


higher level of performance on the A-X list 
than did the RI groups, Ё (1, 159) — 64.53, 
p «.01. The means for this analysis were 
5.18 and 4.58 for the PI and RI combined 
groups, respectively. Hence it appears that 
the attempted equation for the degree of 
А-Х learning by the pilot study was not en- 
tirely successful. The implications of this 
will be taken up in the discussion section. 

А-В Recall-1.—]t will be recalled. that 
the lists given up to, and including, A-B 
Recall-1 essentially conformed to the tra- 
ditional PI, RI, and Rest-Control para- 
digms. The difference was that a B-C or 
D-C list was interpolated between the end 
of the second list (or first list in the case 
of the Rest-Control groups) and the recall 
trial. As stated earlier, this recall trial was 
given in an effort to ascertain the state of 


the "direct" А-В association just prior to 


he mean total numbers 
he eight trials 
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TABLE 1 
2 2 
MEAN N E P CORRECT RESPONSES ОХ А-В RECALL-1 AND А-В RECALL-2, 
Me SA TOTAL NUMBERS or Correct RESPONSES OVER 10 
F A-C TRIALS FOR EACH GROUP 
PI RI Rest Control 
3 -24 
Em M-10 | C-10 | M-24 | C-24 | M-10 | C-10 | M24 | C24 | M-10 | C-10 | M-24 | C 
7 5 3.15 | 375 
= - А 3.80 | 1.45 | 2.20 | 1.90 | 2.60 | 2.75 | 4.00] 3.85 | 4.90 | 3. 28:95 
xe рн 3930 32.20 | 30.10 | 31.65 | 37.70 | 33.40 | 35.70 28.75 44.85 31.40 E oa 
A-B Recall-2 3.30 | 3.50 | 1.75 | 2.40 | 2.20] 2.15 | 3.00| 2.85| 450| 4.55 | 3. 
z =: itions. 
the A-C test list where it could be used as relative to the Rest-Control conditi 


а mediating association by the M groups. 
The following analyses provided a deter- 
mination of the effectiveness of the present 
paradigms in producing the effects pre- 
viously obtained for PI, RI, and Rest- 
Control paradigms. 

The mean numbers of A-B items сог- 
rectly recalled in А-В Recall-1 shown in 
the first row of Table 1. As can be seen from 
this table, Ss in each of the six C-paradigm 
groups recalled a greater number of items 
than did Ss in the paired M groups. 
Statistically, this difference is a reliable one, 
T (1, 228) = 13.54, р < .01. This finding 
IS contrary to previous findings from the 
lowa Laboratory (e.g., Schulz, Weaver, & 
Dobbs, 1968). The PI groups recalled a 
greater number of items than the RT groups 
at the 10-min. interval; however, this trend 
was reversed after 24 hr. The Retention 
Interval X Subset interaction indicates this 
trend to be reliable, F (2, 228) = 16.17, 
Pb < 01. None of the interactions involv- 
ing the paradigm variable gave Fs greater 
than unity. Because of the Retention In- 
terval X Subset interaction, Subset differ- 
ences were evaluated independently at each 
retention interval. 


а Since the paradigm 
variable did not interact with either of the 


other two factors, the respective М and C 
groups were averaged. Тће analysis of the 
combined M and C groups showed the sub- 
set variable to have yielded reliable differ- 
ences at both intervals, F (2, 228) = 24.26, 
p «.01 and F (2, 228) = 13.95, Ъ < .01, 
for the 10-min. and 24-hr. intervals, 
respectively. 

Comparisons from Table 1 show а trend 
for both increasing PI and decreasing RI 


However, the interaction which tested hi: 
trend for increasing PI only аррсоас 4 
statistical significance, F (1, 152) NL 
:05 <р < .10. Contrarily, the interactio! я 
for decreasing RI achieved reliability, а 
(1, 152) = 17.92, р < .01. Further, pO. 
tailed ¢ test evaluating the reliability of x. 
observed recall superiority of the combi! 
RI 24 groups over that of the RI 
groups showed the trend to be relia i 
1 (228) = 175, p «.05. This indicate 
that reliable absolute spontaneous reco и 
of the first-list associations was demo 
strated for the RI paradigm. alysis 
Stage 3.—The objectives of the ana a 
of Stage 3 data were to determine the p а 
parability of the C groups on List for 
the reliability of the mediation effects the 
each of the M-C pairs, and to assess 
effects of the retention paradigms. te о 
two retention intervals on the magnitude о! 
the mediation effects. Since a арга 
Stage 3 acquisition functions showed t ncy 
was no interaction save a slight tende on- 
for the curves of the various groups tO E 
verge toward a common asymptote, © Ç 
mean numbers correct over the 
trials were used in all Stage 3 analys? t 
Тће six C groups all performed at a cans 
the same level on List A-C. The m arall 
ranged from 28.75 to 33.40 with an er 
mean of 31.07, and statistically the C 5 е 
differences can be considered as ch? 
deviations. Juate 
The mediation effect was baie re 
Separately for each of the respective А “yy 
C groups, using an overall error € e 
accordance with the trends shown 7 
Second row of Table 1, all M mi" 
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differences were found to be reliable at the 
-05 level, or less, except that for the PI 24 
groups. 

Differences between M 10 and C 10, and 
M 24 and C 24 show a trend for a decreased 
mediational effect after 24 hr. for the Rest- 
Control groups. This decrease, which 
statistically is a Paradigm X Retention In- 
terval interaction, was found to only ap- 
proach statistical reliability, F (1, 76) = 
3.25,.05 < p < .10. However, a test con- 
trasting only Cond. M 10 with M 24 in- 
dicated poorer performance was obtained 
for the Rest-Control M paradigm with a 24- 
hr. retention interval, / (228) = 3.17, 
Ps. 

There is a slight trend for the PI subset 
to have resulted in a greater decrement 
Over the 24-hr. interval than resulted from 
the forgetting of the Rest-Control groups. 
A test of this interaction yielded an F of 
less than unity. Hence the predicted in- 
crease in PI was not obtained for either 
the A.B Recall-1 or the A-C data. 

А comparison between the 10-min. and 
24-hr. RI groups indicates a strong trend 
for the decrement in the mediation effect 
under RI conditions to be greater at the 
10-min. interval than after 24 hr. relative 
to the Rest-Control groups, although the 
interaction did not achieve the .05 level of 
Statistical significance, F (1, 152) = 2.65. 
However, since the parallel C groups have 
а severe dampening effect, from a statistical 
Standpoint, on the likelihood that the in- 
teraction in question would achieve signifi- 
сапсе, a different approach to the test of 
What graphically is clearly а trend toward 
àn interaction was taken which eliminated 
this attenuation. That is, the mean of the 
Tespective control groups was subtracted 
from the score of each of the RI-M and 
M group Ss. A 2X2 analysis of vari- 
ànce (Paradigm X Retention Interval) con- 
ducted on these scores produced a reliable 
Interaction, F (1, 76) = 5.55, P < .025, in- 

icating spontaneous recovery of the A-B 
association over the retention interval was 
Obtained for the RI condition. | 

Analysis of A-B Recall-2.—The analysis 
9f the second A-B recall trial had as its 
Objective an evaluation of the state of the 


A-B association after List A-C. Since only 
the A-C list intervened between A-B Re- 
call-1 and -2, any differences between these 
recall measures should reflect processes 
occurring during A-C learning. The media- 
tional analysis assumes that the А-В 
association is used by the M groups be- 
cause, in conjunction with the B-C associ- 
ation established during Stage 2, it leads 
to the correct response (C) in List A-C. 
Hence, the A-B association should be main- 
tained or strengthened in the M groups. 
Contrarily, the A-B association does not 
lead to the correct response with the C 
paradigm and hence, it may be weakened 
or lost. 

The mean numbers of correct recalls for 
each of the groups are shown in the last 
row of Table 1. Ascan be seen, the reliable 
M versus C group differences obtained in 
A-B Recall-1 have disappeared for all pairs 
except for the PI-M 24 versus PI-C 24 
group comparison, which, it will be recalled, 
was also the only comparison which did not 
show a mediational effect. The paradigm 
variable yielded ап F of less than 1.00 in- 
dicating the reliable M versus C group 
differences found for A-B Recall-1 were no 
longer present in A-B Recall-2. However, 
the Retention Interval X Subsets inter- 
action found in A-B Recall-1 was also 
reliable for the A-B Recall-2 data, F 
(2, 228) = 9.19, p < .01. 

The A-B Recall-2 data were also analyzed 
to test for decreasing and increasing recall 
for the PI and RI groups, respectively, 
relative to the Rest Controls. The test for 


an increasing decrement in recall for the PI 


groups did not approach statistical reli- 
As in A-B 


ability, F (1, 152) < 1.00. 
Recall-1, the test for increasing recall after 
24 hr. for the RI group relative to the 
Rest Controls was reliable, F (1, 152) = 


11.65, p < .01. 


DISCUSSION 


A comparison of the trends displayed in the 
first and second rows of Table 1 shows the 
striking similarity of the effects of the retention 

iation when it was 


variables on the A-B assoct à 
КЕТ B Recall-1) and when it 


recalled overtly (A- ) 
was employed mediationally (List A-C). The 
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Rest-Control groups showed a decrease in re- 
call of the A-B association in A-B Recall-1 
after a 24-hr. interval as compared to a 10-min. 
retention interval. Similarily a direct com- 
parison of Rest-Control M groups also shows 
2 decrement in performance at the longer 
retention interval when the A-B association 
was employed mediationally in A-C. Both RI 
and PI were obtained at the 10-min. interval 
when the A-B association was recalled and 
when used mediationally. Decreasing RI 
was obtained in both the recall- and media- 
tion-test phases. Absolute spontaneous re- 
covery was obtained in A-B Recall-1, although 
comparisons gave evidence for only relative 
spontaneous recovery during the mediation- 
test phase. Reliable increasing PI was not 
obtained in А-В Recall-1, and as would be 
predicted on the basis of this, the mediation 
data also revealed only a slight unreliable 
trend. 

The crossover of the RI and PI groups 
from the 10-min. to the 24-hr. interval in A-B 
Recall-1 was an unexpected finding. With an 
equal degree of learning on the interfering list, 
only a convergence would be expected on the 
basis of previous research. However, despite 
the attempted equation by means of a pilot 
study, there were reliable differences in the 
degree of A-X learning achieved by the RI 
and PI subsets, with the PI groups attaining 
the higher level. Further, the difference is 
probably underestimated by the response 
measure, as the majority of the PI Ss attained 
all items correct on Trial 8. The effect of a 
o RI as obtained 
ould be to lower the 
thereby increasing the 
er between the PI and 
Hence, the Crossover 
ising, since it probably 
uccessful equation of 
PI and RI subsets. 
nce with expectations, 
in А-В Recall] was 

Stage 3 mediated 


ceded the mediation-tes 


the case. Since Ss recalled А-В 


Recall-1 and received no feedbac| 
had to recall А-В in order to m 
the question of what would have 
A-C had the first recall trial not 


ediate A-C, 
happened in 
been given 
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can be estimated from our knowledge of the 
effect of an A-B recall trial on future A-B 
recalls. Previous research indicates the effect 
of a "nonreinforced" А-В recall trial is to M 
slightly enhance the potential that B vor 
be better recalled on a future occasion, in the 
case where there was (Richardson & Groppen 
1964) and was not (Goss, Nodine, Gree 
Taub, & Kennedy, 1962), an interpolated list, 
and after a 24-hr. retention interval (уо 
1962). This implies that in the present study 
any differences in the strength of А-В produces 
by the retention variables should have bee! 
left the same, although the absolute levels e 
recall for all groups may increase. ВАН 
should have been no effect of this recall tria 
on the A-C performance of the C онш 
Consequently, it would seem that the gene 
ality of the present A-C findings are limited z 
the inclusion of A-B Recall-1 only in that a 
might expect larger differences between the 1 
groups to be obtained when this recall tt 
is omitted. е ге? 
The superior recall of the C over their Чп 
spective M groups in A-B Recall-1 is not 2s 
accord with previous mediational invested 
tions from the Iowa laboratories. For oe 
ample, Schulz et al. (1968) found B-C Mas. 
D-C learning interpolated between A-B leor 
ing and recall did not have a differential E. 
on the recall of A-B, even after 22 B-C а 
D-C trials. In examining the procedures ud 
in previous investigations and those et r- 
present study, none of the procedural di E. 
ences would be expected to result in this effect; 
Consequently, the superior recall of the a 
association for C groups during A-B Кеса in 
necessitates a discussion of the A-C data a 
terms of pseudomediation. If it apper at 
pseudomediational interpretation can aoa Sa 
for the Stage 3 data, then no conclusions re- 
be drawn from the present research with on 
spect to the effect of retention variables 
mediational events. nd- 
The pseudomediation interpretation (M 
ler & Earhard, 1964) analyzes the M ue 
paradigms as essentially А-В, A-C пева ter- 
transfer paradigms, with a B-C or D-C "tee 
polated list. "The superior performance 9 "y, 
M paradigm during A-C is assumed АДЕ 
Чие {о {һе unlearning of the interfering. in: 
association during B-C (D-C). With E^ 
terpretation, two prior-learned lists ES 
be more interfering than one, and the or a 
which these interfering lists (A-B and | pre 
are learned should not lead to differential P 
dictions since B and X function merely 
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interfering associations. As was reported 
earlier, no differential negative transfer for one 
versus two prior-learned "interfering" lists 
was obtained in the present study for the C 
groups. Further, the order in which the A-B 
and A-X lists were learned (Le., PI vs. RI) 
did have differential effects upon the M groups, 
and these effects changed from the 10-min. in- 
terval to the 24-hr. interval in accordance with 
à mediational analysis, but contrary to expec- 
tations from a pseudomediation analysis. 
Hence, the present results show that predic- 
tions in terms of overall A-C performance 
indicate the pseudomediational analysis must 
be rejected. In addition, a pseudomediation 
analysis would predict a decrement in perfor- 
mance on A-B Recall-2 compared to А-В Re- 
call-1 for both M and C paradigms as a result 
of learning an interfering A-C association. 
Contrarily, a mediational analysis would pre- 
dict better recall of A-B after A-C learning 
for all M groups showing a mediation effect. 
This increment in recall is assumed to result 
from the utilization of the A-B association 
(A> B— C). In terms of the present study, 
this means that the differences between the 
respective M and C groups should have been 
reduced, eliminated or reversed for all com- 
Parisons except PI-M 24 and PI-C 24 where 
по mediation effect wasobtained. The findings 
are Contrary to a pseudomediation interpreta- 
Чоп but confirmatory with respect to à media- 
tional analysis. Finally, an item analysis 
Showed that A-C performance was positively 
Correlated with the occurrence of a correct re- 
Call of A-B for the M groups, but no con- 
Sistent relationship between A-B Recall and 
A-C performance was obtained for the C 
Paradigm as would be expected from a media- 
tional interpretation. Since both in terms of 
Overall A-C performance and internal item 
analyses the data are inconsistent with pre- 
dictions from a pseudomediational interpreta- 
tion, this interpretation can be conclusively 
rejected with respect to the present data. 

A different mediational analysis has been 
Proposed by Horton and Kjeldergaard (1961) 
and Schwenn and Underwood (1965), and more 
recently by Kjeldergaard (1968) and Peterson 
and Koltnow (1968). According to this 
analysis, mediation and the formation of the 
A-C association occur during B-C learning. 
Here it is assumed that A is elicited by B 
through a backward association and the A-C 
association is formed through the contiguity 


Zw 
9f the A and C terms (B^ - C). However, 
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this analysis cannot account for the increased 
mediational effect obtained after 24 hr. with 
the RI relative to the Rest-Control paradigm. 
Specifically, the А-Х list which followed A-B 
learning should have decreased the backward 
elicitation of А during B-C, thus allowing for 
little formation of the A-C association. The 
prediction would then be for lower A-C per- 
formance for the RI-M 10 group as compared 
to the 10-min. Rest Control as was obtained. 
However, the 24-hr. interval should serve to 
reduce the mediation effect for both the RI 
and Rest-Control groups under the second- 
stage hypothesis, as forgetting of the A-C 
association acquired during B-C learning 
should occur. Instead, the results showed a 
relative increment in the mediation effect for 
the RI 24 condition, indicating spontaneous 
recovery of the first-list association facilitated 
Stage 3 chaining. 

The results of the present study are not in 
accord with the findings obtained in previous 
investigations concerned with the retention of 
a mediating association. Whereas Peters 
(1935) found no mediation with an immediate 
test, but a small trend for mediation after 24 
hr., the present study found strong mediation 
at both intervals for those groups not receiving 
a list specifically designed to interfere with one 
of the mediating associations. In addition, the 
mediation was /ess after 24 hr. This latter 
finding is also clearly contrary to the findings 
of Horton and Wiley (1967), who found no 
decrement in the mediational effect even after 
a 10-day retention interval. Although the dis- 
crepancy between the present findings and 
those of Peters may, in part, be due to the 
different mediational paradigms employed, 
paradigm differences can not account for the 
differential results obtained in the present 
study and that of Horton and Wiley. This 
latter study did employ slightly higher degrees 
of Stage 1 and 2 learning, and a recall proce- 
dure during A-C learning as opposed to the 
recognition task used in the present study. 
However, there appears to be no reason to 
expect these differences to have produced the 
discrepant results. Further, since the present re- 
sults indicate that an A-B recall measure taken 
after A-C does adequately reflect the state of 
the А-В association prior to A-C, the Horton 
and Wiley study apparently obtained strong 
A-C performance at all retention intervals 
even though the A-B iation was decreas- 


associ: 
ing in strength as m 


easured by the recall of 
A-B taken after A-C. At present, it appears no 
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reconciliation of the results reported. herein 
with those obtained by Horton and Wiley can 


be made. 
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the squared multiple correlation between the two 
cues and the criterion value was .84. All task charac- 
teristics for each condition (see Table 1) remained 
approximately constant for each block of 10 trials. 
The tasks and instructions are described in more 
detail in Knowles et al. (1971). At no time were 
Ss told anything about the correlation between the 
cues nor were they instructed to attend to this 
aspect of the task. 

Following сотр 


letion of the learning task, all 
Ss were given 50 test trials similar in appearance to 
the training trials. The cues in these test trials 
were uncorrelated for each block of 10 trials and 
uniformly distributed throughout their range. In 
the test phase, Ss were asked to judge, on the basis 
of their training experience, which of the test trials 
were likely and which were unlikely to occur. They 
were told to put as many instances as they liked into 
either category. If Ss had (incidentally) learned the 
correlation between the two cues in the training 
stage, they would find some of the test trials to be 
inconsistent with their experience. For example, i 
the cues were intercorrelated .8, then a trial in which 
one cue had a very high value and the other had a 
low value would be unlikely to occur. 


50-trial task 
to make 
The task 


very 
TABLE 1 
Task CHARACTERISTICS 
а ristic 
Redundancy Characte! 
condition (riz) 

n r: bi b: ке 
8 .832 .320 | .640 | .84 
H 1642 357 | 714 | -84 
8 —:410 683 | 1.366 | .84 
4 :099 1497 1994 | .84 


een Cue 1 (REL. B. V.) 
lation between Cue 1 and 

is the correlation between 
bi and c the beta weights of Cue 1 
Ré is the multiple correlation between 
n. 


is the correlation betw 


1РЕОС.); r1 is the corre 
LEVEL) 


Note.—r 
and Cue 2 (N 
the criterion (VIRU 
Cue 2 and the criterior 
and Cue 2, respective! 
the cues and the crit: 
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Since it was possible that the order of presenta- 
tion of test trials would affect Ss' judgments of 
likely or unlikely, three different presentation orders 
of the test cases were used. Of the nine Ss іп each of 
the four training conditions, three responded to each 
of the three presentation orders. For each presenta- 
tion order, the orthogonality of cues was maintained 
for each block of 10 trials. 

The Ss’ judgments of the test trials as being 
likely or unlikely to occur provided the basic data 
for analysis. Specifically, four response measures 
were derived for each S: (a) the correlation between 
the cue values for those trials judged likely to occur; 
(b) the difference between this subjective cue inter- 
correlation and the actual cue intercorrelation in the 
task on which he was trained; (c) the standard 
error of estimate for predicting one cue from the 
other in those trials judged likely to occur; and 
(4) the ratio of this subjective standard error of 
estimate to the actual standard error in the training 
task. Each response measure was treated according 
to a 2 (Sign) X 2 (Magnitude) analysis of variance. 

Resulis.—The analysis of the subjective inter- 
correlations transformed to Fisher's Z scores revealed 
only a significant main effect for sign of cue inter- 
correlation, F (1, 32) — 96.59, p < .001. As can 
be seen in Table 2, this effect indicates that Ss had 
learned a cue intercorrelation with the correct sign. 
That is, Ss in the positive conditions judged as 
"likely to occur" a set of instances in which the 
cues were positively correlated; Ss in the negative 
conditions selected a set of instances in which cues 

were negatively correlated. Indeed, 32 of 36 55 
estimated a correctly signed intercorrelation. Of 
the remaining 4 Ss, 3 estimated intercorrelations 
which were essentially zero. The absence of a signi- 
ficant main effect for magnitude of cue intercorrela- 
Чоп is due to the fact that optimal responding by 
Ss in all four conditions would result in a mean 
subjective intercorrelation of zero for both high 
redundancy (.8) and low redundancy (.4) conditions, 
Analysis of the difference Scores yielded only a 
significant effect for magnitude, F (1, 32) = 9.76, 
B bos A the 8 Conditions departed 
2 | ation than did Ss in the .4 
conditions. Specifically, Ss in the 8 conditions 


TABLE 2 


MEAN RESPONSE MEASURE A Y 
TO EXPERIMENT, ep el 


AL CONDITION 


A 3 Response measure 
Cue intercorrelation 


in training 


SE, 


16 2.74 


3.30 
-35 3.36 En 


04 3.75 


Note.—r. refers to the subjective cue intercorrelation; у 
refers to the corresponding task intercorrelation ; SÆ, indicati 
the subjective standard error of estimate; and SE; indicates {һе 
task standard error of estimate. The values of у; — p, were 
corrected for sign so that a positive value always indicates un- 
derestimation of the magnitude of intercorrelation, 
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tended to underestimate the magnitude of the pu 
intercorrelation (see Table 2). Although Ss in a 

positive intercorrelation conditions tended no E 
more accurate than Ss in the negative cond dd 
this sign effect did not attain a conventional level 0 
significance, F (1, 32) = 3.13, p < .10. of 

The analysis of the subjective standard d r 
estimate scores revealed significant main effects © 
both sign, Ё (1, 32) = 10.42, р < 005, and magni 
tude of cue intercorrelation, Ё (1, 32) =8. г 
b < .01. The sign effect resulted from the 4 
average standard error derived in the перай 5, 
rather than in the positive redundancy condito 
The magnitude effect was due to the finding that r$ 
in the .4 conditions estimated larger standard cae 
than Ss in the .8 conditions. Both of these effec 
may be seen in Table 2. din 

Finally, the analysis of the ratio scores resulte! 2 
significant main effects for both sign, F (1, 60. 
= 4.44, р < .05 and magnitude, F (1, 32) = 14 ct 
P < .001. The sign effect was due to the ed 
ratios found in the negative conditions than {йү r 
positive conditions. The magnitude effect уа a 
to the greater ratios found in the .8 conditions t AE 
in the .4 conditions. In short, Ss in the positi Y 
conditions were more accurate than those int ns 
negative conditions, while Ss in the .4 conditio! 5 
were more accurate than Ss in the .8 conditioni 
(see Table 2). 

Discussion.—From the results just described, k 
important findings emerge. First, it may be И: 
that Ss were able to detect an intercorrelation th 
they were not explicitly asked to learn. Seco 
not only were they able to detect the correct Si 
the correlation, but they were reasonably accura а 
their subjective standard errors of estimate we 
close to those that a statistician might specify 
such correlations. as 
_ The accuracy of Ss’ estimates, however, M. 
influenced by both the magnitude and the sig” е, 
the cue intercorrelation. With regard to magnitu У 
it was found that although Ss in the high redundanc? 
(.8) conditions correctly estimated a stronger "dil 
tionship than Ss in the low redundancy (.4) co? ei 
tions, Ssin the latter conditions were more accurate! 
Specifically, Ss in the .8 conditions tended to un s 
estimate the degree of relationship. With regare А 
Sign, Ss in the positive conditions estimate ing 
greater intercorrelation than Ssin the corresponding 
negative conditions; Ss in the negative condit! 
tended to underestimate the cue intercorrelation 

, Although the Present experiment concerned he 
(incidental) learning of a cue intercorrelation; 
results are consistent with findings from studies 
which Ss were instructed to learn the correla 
between cue and criterion variables. Specifica 
Ss (a) underestimate strong relations and M a- 
estimate weak relations and (b) learn positive t 
tions more readily than negative ones (see Slov? 
Lichtenstein, 1972, for a review). In shorts 
results of previous studies concerning the lear 
of cue-criterion relations in multiple cue proba 
tasks (e.g., Bjorkman, 1965; Peterson, Hamm?” 


two 


s in 
А 
i 


r- 


lity 


ping р 
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Summers, 1965) were found to generalize to the 


‚ Present study involving cue intercorrelations. 


REFERENCES 


Bjorkman, M. Learning of linear functions; comparison be- 


tween а positive and a negative slope. (Rep. No. 183) Stock- 
holm, Sweden: University of Stockholm, Psychological 
Laboratori 1965, 


HAMMOND, К. R., Stewart, T. R., & SUM- 


NOWLEs, B. 
Positive and negative redundancy in multiple 


MERs, D, 


Journal of Experimental Psychology 
1972, Vol. 93, No. 2, 427-429 


427 


cue probability tasks. Journal of Experimental Psychology 
1971, 90, 157-159. 

Peterson, С. R., HAMMOND, К. R., & Summers, D. А. Opti- 
mal responding in multiple cue probability learning. Journal 
of Experimental Psychology, 1965, 70, 270-276, 

P., & LICHTENSTEIN, S. Comparison of Bayesian and 

approaches to the study of information processing 

injudgment. InL. Rappoport & D. Summers (Eds.), Human 
judgment and social interaction. Holt, Rinehart & Winston, 

1972, in press. 


(Received May 24, 1971) 


EFFECTS OF NOUN IMAGERY, PRONUNCIATION, METHOD OF PRESENTATION, AND 
INTRAPAIR ORDER OF ITEMS IN VERBAL DISCRIMINATION?! 


EDWARD J. КОМЕ: 


AND ALLAN PAIVIO 


University of Western Ontario 


Verbal discrimination learning (VDL) was investigated as a function of the 
imagery (Z) value of items and three procedural variables. The Ss received 
six trials on a 16-pair mixed list of High-J and Low-I words presented under 
(a) study-test or anticipation conditions, (b) pronunciation or no pronunciation 
of both pair members, and (c) constant or varied order of items within each 


pair. 


was facilitated when item pronunciation was not required. 


High-Z pairs were easier to discriminate than Low-Z pairs, and learning 


No other effects 


were significant, suggesting that method of presentation and intrapair order 
of items are less important than, and do not qualify the effects of, 7 and 


pronunciation variables in VDL. 


Paivio and Rowe (1970) found that verbal dis- 
crimination learning (VDL) was significantly easier 
or pairs of words rated high in imagery-arousing 
Capacity (7) than for low-imagery words. By 
Contrast, Thorndike-Lorge frequency (F) and as- 
Sociative meaningfulness (л) did not produce 
Significant effects and, in a subsequent study (Rowe 

Paivio, 1971), Т was more consistently effective 
han F in both mixed and unmixed lists. In view 
9f the apparent potency of the imagery attribute in 

DL, it is important to determine the reliability of 
the effect under different experimental conditions. 
The above experiments were procedurally equivalent 
In all respects apart from the mixed-unmixed list 
Variable, and it may be that the results obtained 
are specific to the particular procedures employed. 

п examination of the VDL literature suggests that 
two aspects of the experimental procedure are 
€Specially relevant in this respect: (a) a study-test 
Procedure was used in all cases, and (b) Ss were 
ыште to pronounce both the correct and incorrect 
ind aloud on each study trial (where the correct 
Qm was underlined). 'The relevance of each of 
hese factors is now considered. 

! Thi а i s i 
8 Canada (NRC) Posters ra atic ng Erat author 
grants from National Research Council (APA-0087) and 
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wha equests for reprints should be sent to Edward J. Rowe, 
15 now at the Department of Psychology, Memorial 


Саш. of Newfoundland, St. John's, Newfoundland, 


Several investigators (e.g., Fulkerson & Johnson, 
1971; Ingison & Ekstrand, 1970) have reported an 
improvement in VDL performance under study-test 
as opposed to anticipation presentation procedures. 
Ingison and Ekstrand also obtained no effect of 
concreteness оп VDL, a result which has been 
attributed to the fact that their concrete and 
abstract words were not clearly differentiated on 7 
(see Rowe & Paivio, 1971). While improbable from 
an a priori point of view, it is possible that the 
imagery effect could be modified by differences in 
the method of presentation. The present experiment 
therefore included a comparison of High-/ and Low-Z 
word pairs under these two presentation conditions. 

A general detrimental effect of item pronunciation 
in VDL has been consistently reported. Although 
a significant effect of I has been found under both 
pronunciation and no-pronunciation conditions, 
degree of pronunciation and 7 have not been sys- 
tematically varied within the same experiment. 
Accordingly, this variable was included as a factor 
in the present experimental design. 

А third factor, constant versus varied intrapair 
order of items, was also examined as a test of one 
possible explanation of the imagery effect. It is 
standard practice in VDL experiments to counter- 
balance the spatial position (left-right or top- 
bottom) of correct and incorrect items across 
acquisition trials. This procedure could serve to 
depress performance on Low-J pairs, which are 
presumably processed predominantly via a verbal 
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encoding system specialized for sequential processing 
of information. On the other hand, High-/ words 
are encodable via an imaginal as well as а verbal 
system, and information storage and retrieval may 
not be affected to the same extent by sequential 
components of the task. Thus, the processing of 
Low-I items during VDL might be particularly 
sensitive to changes in the ordering of the members 
within each pair, whereas an alternative encoding 
system, i.e., visual imagery, is available for High-/ 
pairs and these items should therefore be less 
affected by changes in intrapair ordering. Indirect 
evidence in support of this notion is available from 
paired-associate learning, where High-/ pairs are 
less affected by recall order (forward or backward) 
than Low-I pairs. 

Method.—Thirty-two, one- and  two-syllable 
words, four to seven letters in length, were selected 
from the Paivio, Yuille, and Madigan (1968) norms. 
Half of the words (High-Z) were rated above 6.00 on 
I (X = 6.35) and the remainder (Low-I) had ratings 
oflessthan 3.68 (X — 3.18). Allitems were greater 
than 18 per million by the Thorndike-Lorge count 
and the High-J and Low-/ words were approximately 
matched on т. Eight pairs of each imagery type 
were constructed by a nonsystematic procedure and 
the two sets combined to form a 16-pair mixed list 
(List 1). A second list of 16 different pairs (List 27 
was obtained by an identical procedure. 

The 55 were 96 introductory psychology students 
(55 males) who participated in the experiment as 
part of a course requirement. None had prior 
experience with the VDL task. The design was a 
E iUnd Pronunciation; method (anticipation 
аз between-Ss Bee di (constant and Varied) 
а Tedy AN and imagery as a within-Ss 
UT ем Te assigned in rotation to each 

pendent groups. 

Each S first received con 
tions and one trial on a f 
Medium-Z words. 


at a 3-sec. rate with 
D the study (and 
т andomly i 

gemmae hee у selected item 


Я 4 and anticipati 
presentations, the underlining was Бы. pum 
Д 


rrect word for each 
ess when uncertain. 


f six trials, Th 
: » " PAM 4 e S 
in the pronunciation conditions Pronounced em 


words aloud, reading from left to right, on the stud 

and feedback presentations, while Ss in the T 
pronunciation condition were silent, With the 
anticipation procedure, the first trial was preceded 
by a trial in which all 16 pairs were Presented with 
the correct items underlined. Since the first pre- 
sentation in the study-test condition was also a. study 
trial, this insured that all Ss received the same initia] 
exposure to the list. For the constant order con- 
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dition, the pairs of words occupied the same spatial 


position (left or right) across all presentations of the a, 


list, whereas for the varied order condition, half of 
the pairs were reversed on each successive presenta 
tion. There were four different random order е 
the pairs in the study-test condition, and it i 
possible to carry out the reversal procedure so ily 
the members of any particular pair appeared Шү; а 
often іп the left and right positions across an а 
trials. With the anticipation procedure, only DUM 
different orders were possible because of mechanic 
restrictions involved in the construction of Г 

memory drum tapes, and left-right position сот 
therefore not be completely counterbalanced wi sir 
a given pair. Nevertheless, the items of each Us 

changed position three times over trials in the var ES 
order condition, so the intrapair position of iter 3 
could not be used consistently as an aid in lese 

То increase the generality of the results, һа s 
the Ss in each condition received List 1 and У 
other half, List 2. Furthermore, for half of theg 
receiving each list, one item of each pair was coram 
while for the remaining half the other item 
correct. 

Results and discussion.—The mean total n 
of errors over trials for each condition is шусти 
Table 1. А four-way analysis of variance ге ) 
in significant main effects for both imagery, Е (1, 88) 
= 44.48, р < .001, and pronunciation, f wer 
= 1729, p < 001. High-I pairs produced Fewer 
errors than Low-I pairs (5.81 vs. 9.49), and dition 
errors occurred in the no-pronunciation СОП te 
(5.47 vs 9.83). The pronunciation factor ассо D 
for about 1.36 times the variance accounted fo es 
imagery. Errors were fewer with the study- А 
than with the anticipation procedure ON o 
8.33), and for constant as opposed to varied vances 
pair order (6.80 vs. 8.50), but these differen’) 
did not approach significance. Also, none 9 
interactions were significant. 


1 number 
jin 


TABLE 1 


MEAN NUMBER or Errors FOR EACH 
EXPERIMENTAL CONDITION 


Presentation cond. 


icipati y test 
Pair type Anticipation Study t 


varied 


Constant | Varied Constant orde" 


order order order | ~ 
E „у med чы 2 


Pronunciation 


8.61 
High-I 2 7.42 13:38 


No pronunciation 
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9) 
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4. 
High-I 2.92 6.25 2.33 6 
Low-I 5.67 11.75 4.33 
3. 


7.0: 
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Note.—The standard deviations ranged from 3.27 
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The conclusions are straightforward. The fact 
that the difference between High-7 and Low-Z pairs 
was not significantly affected by changes in pre- 
sentation procedure or pronunciation conditions is 
further evidence that the effect of 7 in VDL is 
highly reliable. The present results similarly concur 
with previous findings in demonstrating a strong 
effect of pronunciation. By contrast, study-test 
Versus anticipation methods of presentation and 
constant versus varied intrapair ordering of items 
appear to be relatively unimportant factors in the 
task. 

Since a significant difference favoring study-test 
Over anticipation methods has been found by pre- 
vious investigators (e.g., Fulkerson & Johnson, 
1971; Ingison & Ekstrand, 1970), these studies were 
examined for procedural variations which might 
account for our disparate results. The experiments 
differ in a number of ways, including type of items, 
list length, presentation rate, method of feedback 
Presentation, and the presence or absence of an 
initial study trial, but the superiority of the study- 
test procedure seems unaffected by these factors. 
One way in which the present study departs from 
the others is in the use of a fixed number of trials 
(six) rather than a criterion requirement. At the 
end of the six trials, only 10 Ss in the anticipation 
condition and 17 in the study-test condition had 
attained a criterion of two consecutive errorless 
trials, thus raising the possibility that a significant 
difference between the two procedures might have 
been observed had performance been taken to this 
Criterion for all Ss. This possibility cannot be tested 
directly by the present results, but two observations 
argue against it. First, if the interpretation is 
Correct, scores for the study-test group would be 
expected to show a tendency to attain criterion 
faster than anticipation scores across trials. An 
examination of the learning curves for the two 
groups, with the data collapsed across the other 
conditions, showed no evidence to support this 
expectation. If anything, the curve for the anticipa- 
tion group was steeper, but an analysis of variance 
Showed that the Groups X Trials interaction was 
not significant. Second, Fulkerson and Johnson 
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(1971) have reported a significant effect of method 
of presentation even when only the error data for 
early trials were considered, suggesting that their 
findings, at least, were not due to the criterion level 
of performance attained by their Ss. Our failure to 
demonstrate a facilitation under study-test condi- 
tions thus remains unexplained, but the results of 
the present experiment do suggest that differences 
in method of presentation are less important in VDL 
than variation in imagery and pronunciation. 

Finally, the hypothesis that learning of Low-I 
pairs in VDL is adversely affected by varying the 
intrapair order of items was not confirmed. Chang- 
ing the intrapair order from trial to trial did not 
significantly affect performance. It would appear, 
therefore, that the two types of items are processed 
independently of their left-right spatial position, at 
least when position of the correct item is randomized 
between pairs. The disconfirmation of the hy- 
pothesis suggests that a satisfactory explanation of 
the effect of J is most likely to be found in the 
different characteristics of High-Z and Low-J words 
themselves. Evidence supporting an interpretation 
of the effect in terms of the differential use of 
imagery for the two word types has been presented 
elsewhere (e.g, Rowe & Paivio, 1971). Such 
evidence encourages further research designed to test 
more specific hypotheses concerning the role of 
imagery іп VDL involving High-J pairs. 
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SEMANTIC GENERALIZATION: REPLICATION OF CRAMER'S ASSOCIATIVE GRADIENT’ 


S. JOYCE BROTSKY 


AND LINDA M. LITWIN 


San Fernando Valley State College 


Fifty-two Ss were shown 24 different Critical Stimulus (CS) words. Following 
training, S was shown the 24 original words, 96 associatively related general- 
ization stimulus (GS) words, and 24 unrelated words and was asked to press 
one of six buttons to indicate his degree of confidence that he had seen each 
of the words during training. Normative associative strength between CS and 
GS predicted a monotonic gradient of semantic generalization when a button- 
press confidence rating was used as the dependent variable. 


If a response is conditioned to a word (critical 
stimulus), that response should generalize to 
semantically related words. Moreover, the amount 
of generalization should vary with the strength of 
the relationship between the critical stimulus (CS) 
and the generalization stimulus (GS). Although 
semantic generalization has been demonstrated 
using either an autonomic response or a voluntary 
response as the dependent variable (Brotsky, 1968; 
Maltzman & Raskin, 1965; Mednick, 1957; Mink, 
1963), successful demonstrations of an associative 
gradient predicted from normative free association 
strength. (FAS) have been sparse (Kurcz, 1964; 
Maltzman, 1968). Cramer (1970), however, has 
recently demonstrated a monotonic associative 
gradient using overt and partial muscle responses 
to the CS and the GS as her dependent variable. 
The present study was an attempt to replicate and 
expand on Cramer's results using a simple but 
highly sensitive response, a button-press confidence 
rating, as the dependent variable. 

Method.—The Ss were 26 men and 26 women 
enrolled in introductory Psychology courses at San 
Fernando Valley State College whose Participation 
fulfilled a course requirement, All Ss were between 
the ages of 17 and 27, were born in continental 
United States, and spoke English as their first 
language. Data from 8 additional Ss were discarded. 

There were two Es (E; and E») each of whom ran 
13 men and 13 women Ss. 


АП sti 5 Ww 
Stimulus words were taken from Cramer's 


(1970) study. There were 24 CS words, and for 
each of the CS words there were 4 related GSs of 
decreasing normative FAS and an unrelated control 
ТЫ, (X) constituting a list of 144 stimulus words. 
Ле training list consisted of 24 CSs pre. i 
different random rund 
andom order to each with 1 buff 
word at the beginning and end of the trainin i. 
For the test series that followed the wo tne 
arranged in blocks of 6, 1 word from each p ОСУ 
(CS, GSi, GS», GS;, GS,, and X), randomly selectel 
and ordered following the arrangement us d b 
Cramer. The words were printed on Er 
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plastic, inserted in 2 X 2 in. plastic slide mounts 
and projected with an overall slide image of 6 X 9 
in., the letters appearing 2 in. high. 

The Ss were seated in a 4 X 7 X 7 ft. plywood 
cubicle with a table and a Polacoat 18 X 18 in. 
screen before them. The slides were projected from 
outside the cubicle (rear-projection method) at eye 
level via a Kodak Carousel AV-900 projector. On 
the table was а metal box consisting of six push- 
buttons marked 1, 2, 3, 4, 5, and б across the upper 
surface. Instructions, prerecorded by E; (L. L. 
were presented via earphones that were worn by ~ 
throughout the experiment. А continuous low- 
frequency white noise (about 20 db.) provided 
auditory masking at all times. During the training, 
55 were asked to press the key marked 6 immediately 
at the presentation of each of the CS words. The 
Ss were not explicitly instructed to learn the words; 
since the visual stimuli were ostensibly presente 
to test their reaction time. All slides were presente 
at a rate of 2-ѕес. exposure per slide automatically 
timed. Following presentation of the training 
words, a series of 65 two- and three-digit numbers 
Was presented auditorially via the earphones at i 
5-вес. rate, and 5 wa asked to subtract the digit 
3 from each number, writing the answers on а 
numbered sheet provided him. The subtraction 
task filled a 5-min. period between the training series 
and the presentation of the test list. 

For the test list, Ss were asked to press a key as 
quickly as possible in response to the presentation 
of each word, using the keys to make a confidence 
rating as to whether the word had appeared on ur 
first list. Maximum confidence that the word һа 
appeared in the first series was expressed with Key 
6, maximum confidence that it had not previously 
appeared was expressed with Key 1. Intermediate 
degrees of confidence were to be reflected by is 
use of the middle keys. Speed of response Wa 
stressed during the course of the instructions, s 
if S made his first or second response to the wor t 
in the test list after the presentation of the ne* 
slide in the series, he was instructed “please resha 
more quickly.” The data from five Ss were a 
carded because Ss did not respond prior to tag 
Presentation of the next slide on seven ог то 
Occasions. ion 

A time interval generator was used in Ойле. 
with a two-channel Offner dynagraph, wired to t 
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projector and to the response mechanism. Опе 
channel was used to record the mechanical presen- 
tation of the slide, while the second channel was 
used to record S's response. The pen was set to 
move 1 unit horizontally to the left of the base line 
or 5 mm. for a response with Key 1, 10 mm. for a 
response with Key 2, etc. The response keys were 
automatically reset when the slide changed and the 
ro yeraph pen automatically returned to the base 
ine. 

Results.—The mean confidence ratings during the 
test to the 24 words in each of the six stimulus 
categories (CS, GSi, GS», GS;, GS,, and X) were 
determined for each 5. The mean confidence 
ratings of the four groups of Ss are presented in Fig. 
1. A2 X2 X 6analysis of variance was conducted 
where E and sex of S were the between-groups 
factors and word category was the within-groups 
factor. Neither the main effect of sex nor E was 
statistically reliable, but the Sex X E interaction 
Was statistically significant, F (1, 48) = 4.80, р 
< .05. That is, although the women's overall 
level of confidence ratings was consistent regardless 
of E, the men showed a lower mean level of confi- 
dence rating with E; (a woman) but a higher mean 
level of confidence rating with Е: (a man). Word 
Category was statistically significant, F (5,240) 
= 114.09, р < .01. 

Using the within-groups error mean square from 
the analysis of variance (.154), Dunnett's / tests 
Were performed to provide a comparison of the 
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TABLE 1 


MEAN MAGNITUDE OF THE BUTTON-PRESS CONFIDENCE 
RATING TO THE SIX CATEGORIES OF WORDS FOR THE 
Firty-two SUBJECTS 


Word category 


GS: GS: x 
2.699 2.508 


3.203 


Note.—CS = critical stimulus, GS = generalization stimu- 
lus, and X = an unrelated control word. 


individual word category means with the control 
mean. The word category means collapsed over 
sex of S and E are presented in Table 1. Dunnett's 
1 indicated that there was a significant difference 
between the magnitude of the confidence rating 
to X апа to CS words, / (240) = 20.78; to GS, 
1 (240) = 9.09; to GS», ¢ (240) = 6.49; to GS, 
t (240) = 3.90; and to GS, ¢ (240) = 2.59; all 
ps < .05. 

These results indicated that incidental learning 
did take place (CS > X) and that semantic generali- 
zation had occurred. 

Since a great part of the word category variance 
reflected the confidence ratings to CS words, the 
scores based on these responses were removed and 
the data were reanalyzed for the responses to 
generalization and control stimuli only. A 2 
Х 2 X 5 analysis of variance indicated that neither 
sex of S nor E was statistically reliable, but the 
Sex X E interaction was statistically significant, 
F (1, 48) = 4.53, p «.05, as in the previous 
analysis. The main effect for word categories was 
statistically significant as predicted, (4, 192) 
= 28.62, p « .01. 

То demonstrate a gradient of semantic generali- 
zation, it was necessary to determine if there were 
differences in rating responses to words in adjacent 
stimulus categories. Using the within-groups error 
mean square from the previous analysis (.126), a 
Duncan's multiple-range test indicated that every 
category mean differed significantly from every 
other category mean, (p < .05). An orthogonal 
polynomial trend analysis was conducted on the 
confidence ratings to the four GSs to determine the 
approximate shape of the generalization gradient.* 
The significant linear component of the mean, Ёш 
(1,48) = 52.53, р < .01, indicated that generali- 
zation was a linear function of the associative 
strength between the CS and the associated GSs. 

Discussion.—Over the last decade, many studies 
have investigated semantic generalization using the 
classical conditioning paradigm or the instrumental 
conditioning paradigm. Although more test list 
generalization has typically occurred to related 
words than to unrelated words, the predicted 
relationship between FAS and magnitude of 
generalization has been demonstrated only by 
Cramer (1970). Two factors may account for the 


3 Percent FAS was not used in the trend analysis. Instead, 
an equal interval trend analysis was arbitrarily carried out to 
ascertain the approximate form of the generalization gradient. 
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earlier failures to demonstrate the associative 
gradient: (a) Both autonomic responses or confi- 
dence ratings where ,5 responds vES or NO аге 
inadequate dependent variables because they are not 
sufficiently sensitive, and (b) FAS alone is not an 
adequate predictor of semantic generalization be- 
cause additional stimulus characteristics must be 
considered. 

It seems probable that the vEs or NO response is 
relatively insensitive in comparison with a dependent 
variable based on the exact confidence ratings 
produced by S. Although the assumption can be 
made that there is an underlying distribution of 
confidence ratings where ves and No represent the 
extremes, it seems more appropriate to use a distri- 
bution which is generated from .S's data using 
several points than to use a distribution which is 
generated from S's data using only two points. 
Moreover; the present study tended to promote 
semantic generalization through the use of incidental 
learning instructions and a fast rate of stimulus 
presentation (Cramer, 1971). 

The appropriateness of FAS as a predictor of 
semantic generalization must also be questioned. 
Although semantic generalization and paired- 
associate learning (PAL) should vary with norma- 
tive FAS, the data have not conformed to prediction 
for either task. Linton, Jewett, and Brotsky (1970) 
were able to predict PAL from FAS when they used 
a complex indicator, FAS and normative rank. 
Cramer (1970) recognized the complexity of the 
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problem, for although the FAS of the words in her 
stimulus pool was cited, additional criteria were 
cited, the most salient of which was probably 
normative rank. Inall cases, GS: was the normative 
primary response to CS, GS: was the secondary 
normative response to CS, and rank was considered 
for GS; and GS, as well. Further research must be 
concerned with the demonstration of associative 
gradients using other samples of stimulus words. 
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STIMULUS ANTICIPATION IN CHOICE REACTION TIME WITH VARIABLE S—R MAPPING! 


CHARLES P. WHITMA? 


wp E. SCOTT GELLER? 


Virginia Polytechnic Institute and State University 


The effect of prediction outcome on choice reaction time was studied when { 
each stimulus presentation consisted of а rule bit which defined the S-R 
mapping and a data bit which determined the response. Prior to each presenta- 
tion, 5з predicted both the data and rule portions of the signal. Choice latencies 
were shortest when both the data and rule were correctly predicted and longest 
when both were incorrectly predicted. The results indicated that Ss do not 
anticipate the response implied by the predicted stimulus. 


Recent choice reaction time (RT) studies have 
employed the three-stimulus, two-response design 
introduced by LaBerge and Tweedy (1964) to 
determine the relative importance of stimulus 
anticipation and response preparation when Ss' react 
faster to correctly predicted events (e.g., Hinrichs & 
Krainz, 1970; Whitman & Geller, 1972). Тһе 
general conclusion was that the prediction outcome 
(PO) effect was primarily due to stimulus anticipa- 
tion. Although these experiments offered interesting 
results, they failed to completely address the ques- 
tion. That is, their design could study choice RT 
following three of the four possible combinations of 
stimulus and response PO. The Ss could correctly 
predict the stimulus and the response, Ss could 
incorrectly predict the stimulus while correctly 
anticipating the response, or Ss could incorrectly 
Predict both the stimulus and the response. Thus, 
an inadequacy of the above design was that Ss could 
not correctly predict the stimulus while incorrectly 
anticipating the response. 

À Perhaps a solution to this problem could be found 
in the utilization of a design introduced by Shaffer 
(1965) and later used by LeMay and Simon (1969) 
in which Ss responded to a one-bit “data” stimulus 
according to the S-R mapping indicated by one-bit 

rule” stimulus. With the addition that Ss predict 
both the rule and the data of each stimulus pre- 
sentation, the present experiment determined the 
effects of all four possible PO combinations on 
choice RT. 

Method.—The 10 Ss were volunteers from psycho- 
logy classes at Virginia Polytechnic Institute and 
State University. All Ss had previously participated 
in a two-choice RT experiment with one-to-one 
mapping of stimulus to response. 

The two data alternatives were the symbols U and 
A, verbally labeled "up" and "down." The two 
rule alternatives consisted of a dot which appeared 
at the top or bottom (labeled “top” and "bottom"') 
of the same 1.3 X 2 cm. digital readout which pre- 
sented the data. The four possible combinations of 
the data and rule were equiprobable and the random 
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sequence was determined by an IBM 360 computer 
system. The Ss reacted by pressing one of two 
telegraph keys: for five 55 a top dot indicated а 
right response to U and a left response to 2, while 
a bottom dot indicated a left response to U and a 
right response to 1; the remaining five Ss reacted 
with the opposite relationship between rule and 
response mapping. Incorrect identifications were 
reported to E by indicator lights and these RTs 
were deleted from the analysis. Choice RTs were 
measured to the nearest millisecond by a Hunter 
Klockcounter. 

Each S reacted to 150 presentations during one 
session and to 200 presentations during a second 
session, for a total of 350 trials. The sequence of 
events on each trial was as follows: S’s verbal pre- 
diction, a brief “ready” buzzer, a random time 
interval of between .5 and 1 sec., a simultaneous 
presentation of data and rule, and S's identification 
response stopped the clock and turned off the 
stimulus presentation. 

Results and. discussion.—The 4 PO (prediction 
outcome) categories presented in Fig. 1 were as 
follows: a correct prediction of both the data and 
rule, a correct prediction of only the rule, a correct 
prediction of only the data, or a correct prediction of 
neither data nor rule. For each S, the mean latency 
of each category was calculated and used in the 
analyses presented below. 

As indicated in Fig. 1, a correct prediction of both 
bits of information resulted in a shorter latency than 
a correct prediction of either bit alone. An analysis 
of variance, 2 (PO of the Data) x 2 (PO of the Rule), 
indicated significant main effects of rule PO, F 
(1,9) = 7.51, p < .05, and data PO, F (1,9) = 6.91, 
P < .05. Figure 1 also indicated that correctly 
anticipating either bit had a greater effect on choice 
RT when the other bit was correctly predicted than 
when the other bit was incorrectly predicted, and 
so the Rule PO X Data PO interaction was reliable, 
F (1, 9) = 8.32, p < .05. Although the figure 
suggests shorter latencies for correct rule POs than 
for correct data POs, the difference was not signifi- 
cant (¢ = 1.05, р > .10, two-tailed). 

It should be noted that a correct prediction of the 
S-R rule was not always equivalent to a correct 
prediction of the response. When the data was 
correctly predicted the response PO was indeed the 
rule PO, but when the data was incorrectly pre- 
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FiG.1. Choice reaction time as a function of the prediction out- 
come of the rule and data bits of the stimulus presentation. 


dicted the response PO was the opposite of the rule 
PO. More specifically, a correct prediction of both 
the data and the rule resulted in a correct prediction 
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of the response, and a correct prediction of only the 
data resulted in an incorrect prediction of the Pa 
sponse; but a correct prediction of only the rule 
resulted in an incorrect prediction of the response, 
and an incorrect prediction of both the data and the 
rule resulted in a correct prediction of the response. 
Since choice RT was an increasing function of the 
number of components of the stimulus configuration 
which were incorrectly predicted, choice RTT: was 
longest when both the data and the rule were js 
correctly predicted even though in this case the 
actual response was correctly anticipated. д 

Previous investigators (Hinrichs & Krainz, 1970; 
Whitman & Geller, 1972) have examined the понор 
that response anticipation could account for PC 
effects. This hypothesis was founded on the possi- 
bility that Ss process their stimulus predictions ап 
subsequently prepare to make the anticipated es 
sponse prior to the stimulus presentation. y 
indicating that 58 do not anticipate or prepare for 
the response implicated by their stimulus prediction, 
the results of the present study support the con- 
clusions of these other investigators. 
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at last ! 
easy alignment 


That's right! For ease of alignment, all our tachistoscopes now have a new center pivoted, gimbal 
mount mirror system. 


What else? Well, we have a new Universal Tachistoscope Logic Interface which enables you to 
- Program complex tachistoscopic functions. We also have a new Automatic Card Changer which 
* attaches directly to the tachistoscope cabinet. 


And, don't forget. All our Harvard Tachistoscopes come complete with direct reading electronic 
digital timers [accuracy + .005%], solid-state lamp drivers, and interchangeable stimulus backs. 


Versatile, reliable, and easy to align. Write for complete information. 


Ralph Gerbrands Company 


8 BECK ROAD, ARLINGTON, MASSACHUSETTS 02174 (617) 648-6415 


OUR NEW 
МАМ 
LABORATORY 


It's called the Behavior Observation 
Kit. It was designed for Rinehart Press 
by Professors Robert L. Marrone and 
Richard Rasor and constructed by 
Macalaster Scientific Company of 
high-grade transparent injection 
mold plastic to guarantee durability. 
With this completely portable and in- 
expensive laboratory, students will be 
able to conduct behavior experiments 
anywhere. Behavior Observation Kits 
can turn any classroom into a low- 
cost laboratory and students can take 
kits home to conduct their own 
experiments. 

The Kit consists of Seven compon- 
ents: an operant chamber (automated 
and equipped for studies in reinforce- 
ment, extinction, discrimination 


The versatil 
EHAVIOR 


Designed p Robe 8 
ramento Ста rt L. Marrone, Sac 


Interested inst i > 
laboratory? Write g your own instant 


fin te: Depi EP. ог more informa- 
RINEHART PRESS 

5643 Paradise Drive 

Corte Madera, California 94925 


9 


An ICONIX projection T-scope system сап be made 
from the following modules: A Random Access Pro- 
jector with Controller, to present any order of slide 
stimuli to your subjects; Electronic Shutter and Shut- 
“ter Driver, for precise and reliable control of stimuli: 
Timer and Controller, to set a stimulus presentation 
order and time intervals, and a Paper Tape Reader 
with Controller, to provide a repeatable presentation 
s of a pre-programmed stimulus sequence. 


Here are some features of these products: 


Random Access Projector with Controller: 
Model 6189— $1350. ў 


80 Slide Kodak Projector (RA 960) has control 
unit and mode switching in rack mounted cabinet. 
Front panel operation in manual mode, automatic 
mode controlled by buffered tape reader. 
Maximum slide search cycle — 3.5 seconds. 


Note: We also have serial projectors from $105. 
M hutters: Model 1425, 25mm Aperture— $85. 

- Model 1427, 6mm Aperture— $85. 

1. 6mm aperture shutter allows a minimum effective 
exposure time of 1.5 milliseconds. 

2. 25mm aperture shutter passes four f-stops more 
light than the 6mm model, with a minimum effec- 
tive exposure time of 5 milliseconds. 

Shutters built for extreme reliability, with a use- 
ful life of over half a million cycles. 
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The Projection T-Scope 


...how we can make it easier for you to instrument 
and control your experiments. 


Shutter Drivers: Model 6188-2, two channel— $425. 
Model 6188-3, three channel— $500 

Operate electronic shutters from either a pulse oi 

a DC level input. 

Repetition rate of >2 presentations per second. 

Included power supplies can provide power {с 

other equipment. 
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Punched Tape Reader with Controller: 

Model 6319— $775. 

1. Reads punched tape program at a 50 cps rate, and 
transfers standard 4-bit codes to optional 16-, 32-, 
or 64-bit program buffers. 

Reads one 8-bit non-standard paper tape code at 
rest, effectively and 8-bit buffer. 
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You should know more about Jconix Products. 
We make versatile timer/ control units, a highly flex- 
ible logic cabinet with program plugboard, and a 
standard line of over 30 proven and reliable products 
-.. all with solid state electronics. 

We'd like to tell you more. Just write or phone 
and we'll send our booklet showing how Iconix can 
make your research easier... and a lot less expensive. 


Sales Service and Applications 
Assistance: (408) 243-2424 


Siliconix incorporated 


2201 Laurelwood Road * Santa Clara * CA 95054 
Telephone (408) 246-8000 - TWX: 910-338-0227 


JESSE JONES VOLUME FILES 
Send orders to: 

JESSE JONES CORP. 

P.O. Box 5120 

Philadelphia, Pa. 19141 
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Only $3.50 ea. 
3 for $10.00 
6 for $19.00 P.P.D. 
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